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INTRODUCTION

SECTION I

The predection signal-to-noise ratio of radio receiving systems

whose antennas are impedance matched to the transmission lineL ,

between the receiver and the antenna is usually limited by receiver

noise at frequencies above 100-200 MHz and by antenna external noise

at frequencies below 100-200 MHz. (I )'(2 ) However, when there is a

large impedance mismatch at the antenna-transmission line interface,

predetection signal-to-noise ratio can be significantly reduced

because of decreased available signal power at the input to the

receiver and increased noise factor of the receiver. Available

power is defined as the power which would be delivered to a load if t

the load were set equal to the conjugate of the source impedance.

Noise factor is a measure of the signal-to-noise ratio at the input N.-

to a linear two-port network relative to that at its output when the

input available noise power is equal to the reference noise power.

The available signal power at the input to the receiver is a

function of the transmission line efficiency. (The efficiency of a

two-port network is defined as the ratio of the available powers at

its output and input ports, respectively.) The efficiency of a

transmission line is decreased by orders of magnitude, from that

resulting fram the ordinary exponential attenuation loss, when its

characteristic impedance is appreciably different fran its source A

impedance and the line is also sufficiently long with an attenuation

coefficient greater than zero.
(3 ) "

The noise factor of the receiver, as in any linear two-port

network, increases with increasing difference of its source

impedance fran its design source impedance (usually 50 ohms if fed

.. . . . .. . . .......-..-....-.......-...-..-...-..-.;-.-.-..-..........:: .. '.:--% , %*.*-- ... .-*... --.. .:-. - :v , :.-. , . .. - .



by a transmission line with 50 ohm characteristic impedance) for

minimum noise factor ' This property is a consequence of the

equivalent circuit representation of any two-port network with

internally-generated noise by a complex noise current generator and

a complex noise voltage generator in parallel and series,

respectively, with the noise-free two-port (5 ). Consequently, a-

large impedance mismatch at the antenna-transmission line interface

may cause the receiver's source impedance to be substantially

diffferent fran 50 ohms and consequently may cause an appreciably .- -.

increased noise factor of the receiver.

The effect of antenna impedance mismatch on signal-to-noise

ratio is of particular concern for radio receiving systems with

electrically-small antennas. The transmission line usually has a

naminal characteristic impedance of 50 ohms whereas an

electrically-small antenna has a complex input impedance whose ' 0

resistive component is much less than 50 ohms and whose reactive

camponent is much greater than 50 ohms.

This paper investigates in detail the effects of antenna

impedance mismatch on the signal-to-noise ratio of radio receiving-- -

systems. In Section 2, the theoretical model is developed with the

assistance of Appendix I. Numerical results are given in Section 3 .

for a VHF-FM receiving system with an electrically-short monopole

antenna. The numerical results are obtained fran a camputer program

described in Appendices II-IV. The conclusions are given in

Section 4.

V. •
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r. . . . .7M,~



SECTION 2

THEORETICAL MODEL

2.1 Margin Parameters of a Radio System

With reference to Figure 1 the predetection system margin

M(d,r.) (in dB) of a radio system, for a propagation path distance d

and message quality ri, is given by

S(d)

M(dr)=P - T GT -L(d)+ DR N -R(r) (1)
1 T b Rr

where -

S(d) available signal power at the output terminals of the
equivalent lossless receiving antenna (dBm)

P T = transmitter carrier available output power (dBm)

= insertion loss of transmitter transmission line
(including reflection losses, if any) (dB)

GT =transmitter antenna gain (including ohmic losses of
matching network, if any) (dB)

Lb(d) basic transmission loss of propagation path (dB)

DR = directivity of the receiving antenna (dBi)

N = system available noise power referred to the output
terminals of the equivalent lossless receiving
antenna (dan)

R (r.) required predetection signal-to-noise ratio (dB)
r1

The convention is followed that capitalized margin parameters are in

units of dB whereas uncapitalized margin parameters refer to their ---

numerical values. In Figure 1, the signal-to-noise ratio, referred

to the output terminals of the equivalent lossless antenna, is equal ..

to the receiver's predetection signal-to-noise ratio.

3
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environmental noise in rural, residential, and business area

locations. The system comprises a monopole antenna of 10 in. length
and 1.4 in. diameter, a matching network solenoid of 1.5 in. length

and 0.5 diameter, a P-I-N diode switch of 0.25 ohms series

resistance, a 10 m length of RG-58AJ coaxial transmission line, and

a receiver with noise parameters fo = 5 and rn = 100 ohms.

The camputer printouts of program SONF are given in Appendices

IV A and IV B for the above case with and without a matching

network, respectively.

The receiving system noise and available loss factors of

Appendix IV are sunmarized in table 1. The modulusllrl of the

voltage reflection coefficient, at the transmission line-antenna

interface looking in the direction of the antenna is =.-..

0.9966-0.9991 without a matching network and JFr = 0 with a

matching network over the frequency range 88-30 MHz. In the

presence of a matching network, the system operating noise factor

<f> is approximately equal to the antenna external noise factor

<f a> . However, in the absence of a matching network, the system

operating noise factor is appreciably larger than the antenna

external noise because the product fr 1n,r " <fa> where fr is the
receiver noise factor and In,r is the transmission line availableL

loss factor. The factors fr and 'n,r are 2.7-4.5 and 132-6083 times

larger, respectively, in the absence of a matching network than with

a matching network over the frequency range 88 to 30 MHz. The large

increase in the available loss factor In,r implies a correspondingly

large decrease in the available power efficiency of the transmission

line [see Eq. (C-1) of Appendix I]. The efficiency, of a

transmission line whose attenuation coefficient is non-zero,

decreases significantly when its characteristic impedance is

appreciably different fran its source impedance and is also

sufficiently long 3) [see Eq. (I"-1) and Eq. (1-48) of Appendix I].

I. ,,. ,.

,.' - . --- - - [:- -i.- . - ,[-- , [ --.. + '-. , . 5 - .---- [- -9 , - -- - /.- --- [.-- 5-'. --. '-,,'-.- •1'8 i[



SECTION 3

NUMERICAL RESULTS FOR A VHF-FM RECEIVER WITH AN ELECTRICALLY-SHORT

MONOPOLE ANTENNA

The effect of antenna impedance mismatch on the operating noise

figure of a radio receiving system is numerically evaluated in this

section for the case of a VHF-FM receiver with an electrically-short

monopole antenna. For such a case, in the absence of a matching

network, the real part of the antenna input impedance can be of the

order of one ohm or less and the imaginary part can be of the order ! *
of several hundred ohms or more. Therefore, the antenna presents a

large impedance mismatch to a 50 ohm transmission line. When matched,

the VHF-FM receiving system is generally limited by external environmental

noise which may be two or three orders of magnitude larger than

receiver noise. Consequently, such a case is a severe test of the

effect of antenna impedance mismatch on the system operating noise

figure.

Numerical evaluation of the theoretical model of Section 2 for

the above case was facilitated by the MITRE ccmputer program SONF

(System Operating Noise Figure) described in Appendix II. A

description of the program including tables of input variables,

constants, derived output variables, and numerical values of the

input variables are given in Appendix IIA. The program files and

listing are given in Appendices IIB and IIC, respectively.

Numerical values of the table 11-4 input parameters to program

SONF are derived in Appendix III for the case of a VHF-FM receiving

system with an electrically-short monopole antenna. Numerical .

values are calculated at 30, 50, and 88 MHz for man-made

17



The receiver noise factor fr has a minimum value fo for a source -.

admittance ys= Yno Most receivers are designed to have a minimum

noise factor f for a source admittance Ys= 1/ Re(zo). For such a

condition,o-

gno I /Re (z or) (26
f = fo for Ys = /Re(zor) (26)

bno 0 N' r o s or-N..

For the conditions of Eq. (26), the receiver input impedance is

generally not matched to the characteristic impedance of the

transmission line.

For the conditions of Eq. (26) and with reference to Eqs. (24)

and (25), the receiver noise factor fr increases with increasing

impedance mismatch of the antenna to the transmission line.

For = 0, fr = fo whereas for 'rI= 1, f. < fr < 00. In

particular for the caselr 1i, ,11

f ci d --- o o
lir f ,j1 (27)

0

15 2" 2 "

0-...g-:



2.5 Receiver noise factor

The receiver noise factor f is a function of the source
r

admittance ys seen by the receiver looking back at the transmission

line (see fig. 2) and consequently is a function of antenna

impedance mismatch. The source admittance ys is given by

_ 1 1-F exp (-2d r ) .

1r rr)
YS z 1 + exp (-2Yrd) (24)

or r r

where Zor, __ ' Yr' and dr are defined in fig 2.
or. :-- r '

The receiver noise factor fr' for an arbitrary source admittance

Y at an ambient temperature equal to the reference temperature

tref , is given by Eq. (1-53) of Appendix IE as
I.-

rn 2
f =f + R y) (25)
r o Re(ys) Y - Yno

where L

f= minimtm noise factor of receiver for any possible

source admittance ys at an ambient temperature equals~
to the reference temperature tref*

= gn+ jbno = complex empirical receiver noiseYno n

par'ameter with the dimensions of admittance (mhos).

rn = empirical receiver noise parameter with the

dimensions of resistance which accounts for the

sensitivity of the receiver noise factor to receiver.-....

source impedance (ohms).

14 ...
,, ;.,..
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The voltage reflection coefficient F is given by

r ( Zor )/(zr + Zor) (20)

The input impedance zr to the antenna circuit, including the

matching network, is given by

Zr a2 [(ra,r +r + mr r )j(x + Xm,r)

= + r + r +~ + (a,r+ m l

Zo, antenna conjugate-matched to transmission line

r + r + j x no matching networka,r c,r Xa,r' (1

When the antenna is conjugate impedance matched (Fr = 0) to a
transmission line by the matching network, then the matching network

parameters Xmr and a are given by

Xmr = - Xar + (1/a2) Im(zor)

Re(Zr)/(ra  r r (22)a = + rc,r m,r s,r

In the absence of any matching network,

Xm,r 0 = rm,r = r n(
, no matching network (23)

a =1

The antenna available loss factor fa,r in Eq. (17) is not a
function of antenna impedance mismatch. The matching network _ I
available loss factor I in Eg. (18) is an indirect function of

m, r
antenna impedance mismatch since the presence or absence of a
matching network is a consequence of impedance mismatch. The

transmission line available loss factor in Eq. (19) is a direct

function of antenna impedance mismatch.

13
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2.4 Available loss factors

The available loss factor of a passive linear two-port network

is the reciprocal of the available power efficiency of the network

- (see Eq. 1-22). With reference to fig. 2 and E4. (1-70),

*Eq. (1-71), and Eq. (1-72) of Appendix IH, the receiving system

*available loss factors 1 1 of the antenna, matching *

network, and transmission line, respectively, are given by

I =1 + (r/r (17)
Ic,r =c,ra,r (

1 1 + ((r + r )/(r + r )J(8/m,r =m,r s,r a,r c,r k

exp( 2elrdr) ri-112 exp(- 4cttdr) -2[Im (zor) /Re (zor)] m1ep2rd]

=~~ 1 1 Ir 2  
-2 [Im(zo)/Re(zor)] Im(r)

(19)

where ra,r, rlr rm,r, rs,r, 'or), Yr =a + j$, d , and zr

are circuit parameters defined in fig. 2 of the impedance equivalent

*circuit of the receiving system. The redundant subscript r of these

paraimeters denotes receiving system and distinguishes them from their ~ ~ f>~

* ~transm~itting system counterparts in fig. 1. *'

In Eq. (19) the transmission line available loss factor 'n,r
increases with increasing modulus of the voltage reflection

coefficient at the antenna transmission line interface. -f

For II 0,1 =exp(2a d ).ForF=1

I In n~r r r

I-



a. .. C.. . .- " - i -W'V. rn T-i------I- w-rr,-r -

j.4..'.,°

where
dr(Ok) = receiver directive gain in the elevation and
r

azimuthal directions 0 and , respectively (numeric)

fa(6,) = antenna noise factor in the elevation and azimuthal
a 

.

directions 0 and , respectively (numeric)

The expected value and standard deviation of the antenna
external noise factor f are related to those of the antenna

a
external noise figure Fa by Eq. (10) and Eq. (11). Empirical data

a
of the expected value <F a> at HF and VHF frequencies for man-made

environmental noise relative to that of a thermal source at .4-'-

288 deg K are plotted in figure 111-4 of Appendix IIIG.

The standard deviation aF of the antenna external noise figure

is related to standard deviatlons of the time and location

variabilities a and a, by Eq. (10) of table 11-3 in
Fa~t Fa'

Appendix II A. The time variability a is a function of the time

variability upper and lower deciles, Du,Fa,t and D

respectively, given by Eq. (9) of table 11-3 in Appendix IIA.

Emypirical data and extrapolations of 0 Fa, D _ and D, atOr'a,t uF,,t 1,Fa t ,,.i'.
HF and VHF frequencies for man-made environmental noise are given in "

table III-1 through table 111-4 of Appendix III G.

The parameters <F > and qF  are not a function of antennaaF
impedance and consequently are not a function of antenna impedance

mismnatch.

.... 0.. .

10 "-'-' -
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asa The noise degradation figure AF is the system operating noise figure
relative to the antenna external noise figure and is a measure of

aa

th n Ec .(1),tFiabuntion of bt the external noise figure tesytm '][[..,
* n h ytmoperating noise figureTeexctdve F sgvnb '"::

The noise figure F is a function of the external antenna noise

factor f, the available loss factors frj., n d thea I~~~c,r' m,r' n,r' n h
receiver noise factor fr" Expressions for each of these factors now

follow. It will be seen that only the factors Im,r' Inr' and fr

are functions of the impedance mismatch of the receiving antenna to

the receiving transmission line.

2.3 Antenna External Noise Factor

The external noise, which is incident on the receiving antenna
within a differential solid angle at an elevation angle 0 and

azimuthal angle O(see figure 1), must be integrated over the entire

sphere of the antenna's directional gain pattern to obtain the total -.

external noise at the output terminals of the equivalent lossless '

antenna. Accordingly, the external noise factor fa is given by -

fa f (0,) dr(0 , 0) sinO dO dO (16)
0 -jr/2..."

as. 9
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Mien man-made noise is the dominant noise source, F (in dB) is

approximately two-piecewise normally distributed with a breakpoint

at the median value.( 2 ) Nevertheless, if the external noise Fa is

assumed to be approximately normally distributed, then from Eq. (9),

the external noise factor fa is lognormally distributed. For such

distributions the expected values and standard deviations of the two .

distributions are related by (6) 
P

[(<Fa /10) + +InO (aF /10)21

1>=i0 a (10) .- "''"

0 ' : 102 •( 0F -/10) 1 /2 (11)

fa

similarly, if the operating noise factor f is assumed to be

approximately lognormally distributed, then fram Eq. (4), the

operating noise figure F is normally distributed. For such

distributions, the expected values and standard deviations of the

two distributions are related by

1%

iIn10 (O/10) 2 ] 1)1[ '"":

<F> = 10 [logl0<f> - (12).L-L'lO-2
0 = + (12)

(13) •.K,..,.
F

where <f> and Of are given by Eqs. (7) and (8). '"'

For the purpose of distinguishing between external and internal --

noise, it is useful to define a receiving system noise degradation [ .

figure AF (in dB) by

AF F -F (dB) (14)
a

S°. o-. 8
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If the ambient temperatures of the antenna, matching network, and

* transmission line are equal to the reference temiperature trf then

Eq. (5) reduces to

' °. ""k J

f f -1 1 +1 f, t t t t (6) *a c,rmr ,r r cm n ref

In the present study, the parameters of Eq. (5) will be treated

as deterministic quantities with the exception of the antenna

external noise factor fa which shall be treated as a stochastic

variable. Examples of stochastic external noise sources are the

atmosphere and man-made environment such as power lines and

automobile ignitions.

* The expected value <f> and standard deviation af of the

operatinq noise factor f are therefore given by

f =<fa>+ (1c,r - )(tc/tref) +1~ (tm,r - )(tmu/tref)

mr n,r r cr mr n,r(r.
(7) .

f f a(8)

aa

respectively, of the external noise factor fa

The external noise factor f is related by definition to the

external noise figure Fa (in dB) by

f an10 a F an d 0o lg 10 f a (

a' uambl agntios. " "'

7

%va %f of t

operatig, nois facto f are thrfr gvnb: " .'.-." ['.,./."[.



It is convenient to set t = 288 deg K because measurements of
ref

atmospheric noise and man-made environmental noise are usually

referenced to thermal noise at that temperature and because

10 logi0 ktref =-204.0059 dBj is approximately a whole number (1).

The system operating noise figure F may be expressed as

F =10 log 0f (4)

where
f = ta/tref = system operating noise factor (deg/deg)

ta = effective system noise temperature (deg K)

with reference to fig. 1 and Eq. (1-66) of Appendix IH, the .

system operating noise factor f is given by

f f-1)(t/te) -1)t/A
a c,r c ref cr ('m,r 1- .m..ref-

c,rm,r('n,r- l)(tn/tref c,r,rn,r(fr- 1)

where (5)

fa = receiving antenna external noise factor integrated

over the antenna pattern function (deg/deg)

r m _,r'n, r = available loss factors of the receiving antenna,

matching network, and transmission line,

respectively (deg/deg)

St, tm, tn = ambient temperatures of the receiving antenna,

matching network, and transmission line,

respectively (deg K)

f = receiver noise factor (deg/deg)

6
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2.2 System Operating Noise Figure ..

The system available noise power N in Eq. (1) referred to the

output terminals of the equivalent lossless receiving antenna (see

Fig. 1), is the time-averaged power, co. 5 ributed by all noise

sources both internal and external to the receiver system, that '-

would be delivered by the lossless antenna to a load if the load

impedance were set equal to the conjugate output impedance of the L i

lossless antenna. Examples of external noise sources are the

atmosphere, stars, man-made environment (power lines, automobile

ignition systems, etc.), and jamers both hostile and friendly.

Internal noise sources are the receiver, antenna, antenna matching

network, and transmission line of the receiving system.

The system available noise power N (in dBm) may be expressed as:

N =W+ F (2)

where S..

W = system reference noise power (dBm)

F = system operating noise figure, referenced to W (dB)

The system reference noise power W is given by

W =30 + 10 logl0 (ktrefb) (dam) (3)

where |

k = Boltzmann's constant = 1.38 X 10-23J/deg K

tref = reference noise temperature = 288 deg K

b = receiver noise power effective bandwidth (Hz) -

5
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The numerical values of the system noise degradation figure in

Appendix IV are summarized in table 2. The system noise degradation

figure (L1F> is 26.0-5.8 dB without a matching network and 1.23-0.01 dH

with a matching network over the entire range of frequencies

(30-88 MHz) and external man-made noise environments (rural,

residential, and business areas). In the absence of a matching ______

network, the noise degradation figure decreases with increasing

man-made noise and increasing frequency because AF is defined relative

to man-made noise and because both man-made noise and IF decreases
with increasing frequency. _

The main conclusion to be drawn from tables 1 and 2 is that the

system internal noise factor is small with respect to the external

noise factor when the electrically-short receiving antenna is matched __-_-__

to the transmsission line but is large when the antenna is not

matched.

The above results were for a transmission line whose length was at

least one free-space wavelength. The effect of transmission line

length on the noise figures of the transmission line and receiver at .6

30 MHz is shown in figure 3. The computer printouts are given in

Appendix IVC. For a large mismatch of the antenna impedance to the

transmission line, the combined noise figure of the transmission line AN,

and receiver remains large regardless of line length. Smaller line'-' -,

lengths result in a smaller transmission-line noise figure (because of

less ohmic loss) but a larger receiver noise figure (because of less .. .

padding by the transmission line of the antenna impedance mismatch).

When the antenna impedance is matched to the transmission line, the

transmission line noise figure is limited to that resulting from the

ordinary exponential attenuation loss of the transmission line. For _."_-

. arbitrary values of the receiver noise parameter r , there exists an"..
line length for which the combined noise figure of the transmission

line and receiver is minimized. In figure 3, it is fortuitous for

rn-lO0 ohms that the combined noise figure is approximately

Sindependent of line length for line lengths less than 0.1 wavelength.

20
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WITHUT MTCHIG NEWOR

-WITHOU MATCHING NETWORK

ANTENNA IMPEDANCE: 0.26 - J1000 OHMS
TRANSMISSION LINE: RG - Go/ U
RECEIVER: fa - 5. rn - 100 OHMS

FREQUENCY: 30 Mliz

- (a) TRANSMISSION LINE

Z (b) ECEIVE

* C(0 TRANSMISSION LINE AtID RECEIVER
E

1.- 60 (

C;

CII 40

0 30.

Uj

M 20 ~

o r,

(b) *0

z 0

I d- ..d,2--(0
16-1 10 1

LENGTH OF TRANSMISSION LINE -.-

(WAVE LENGTHS IN FREE SPACE)

Figure 3. Transmission Line and Receiver Noise Figures

Vs. Transmission Line Length
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SECTIMON 4

CONCLUSIONS

bs..

A large impedance mismatch at the antenna-transmission line

interface of a radio receiving system can cause a significant -

increase in the system internal noise factor (more than a 50 dB

increase for a voltage reflection coefficient of 0.999).

. This conclusion is supported by numerical results for a VHF-FM

radio receiving system with an electrically-short monopole antenna.

In the absence of a matching network, the limiting noise of the

"*'l system is generated within the system (by the transmission line and .

receiver) and can be more than 20 dB larger than the external

" man-made noise. With a matching network, the limiting noise of the

system is external man-made noise.

Antenna impedance mismatch significantly affects the

transmission line noise figure and to a lesser extent the receiver

noise figure when the voltage reflection coefficient I FRI> 0.5 as
illustrated in figure 4 for a transmission line length of 10 m at

30 MHz. However, for an antenna external noise figure of 26 dB, the

system operating noise figure is not significantly affected by

antenna impedance mismatch until the voltage reflection coefficient

S0.98.

23
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I.A Definitions

With reference to figure I-l(a), consider a linear two-port network, which

may be passive or active, at an ambient temperature tn (deg K), with an ...

effective (ideal square-top) bandwidth b (Hz), input and output impedances " '-

Z. and Z (ohms), respectively, a load impedance ZL, and a CW source
in outL

generator with open-circuited signal voltage vg = Re(V ef t ) (volts) and .::. ..

source impedance Z at an ambient temperature t equal to the reference noise

temperature t n f/kb where n = reference noise power (W) and k
ref ref 2 e

Boltzmann's constant = 1.38 x 10 (J/deg K). It is often convenient to '

choose nref such that tref =288 0deg K for the reasons stated in section 2.2.

(1) . --,,-

The noise factor f of the linear two port is defined as

fn = (si/nref )/(s0/n) tg =tref (I-)

where

S i = (v/2) ig =(1/2) Re[(Vg/2) I*]= (1/2) Re I(Vg/2) [Vg/(Zg+Z)] *1

= V 2/8 Re(Z ) = available input signal power at the input
g g

terminals to the two-port (W). The bar indicates that the signal

power is time-averaged over a cycle. The star indicates the

comlex conjugate of the parameter. The current ig= Re (Ig e j)t)

Re [Vg/(Zg+Zg)] eiLjt

s o = available output signal power at the output terminals of the

two-port (W)

no = available noise output power at the output terminals of the

two-port (W).

28
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NOISE FACTOR fn = (si/nref)I(Soino)

(a) -
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0 0

SIGNAL GENERATOR EQUIVALENT NOISELESS
LINEAR TWO-PORT,

BANDWIDTH b
NOISE FACTOR fn=neff'nref' si"/neff=s /

(b)

Figure I-1. Definition of Noise Factor of a Linear Two-Port Network. *

(a) Actual Two-Port with Internally-Generated Noise
(b) Equivalent Noiseless Two-Port
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The available power fromn a source is defined to be the power delivered

by the source to a load as though the load impedance were conjugate matched

to the output impedance of the source. In cctuputing available powers in

figure 1- 1(a) , the input impedance Z.i is set equal to Z 9 (not Z made equal to

Z. and the load impedance Z is set equal to Z (not Z made equal to
in L out - out ..-

Z ). The noise factor f is therefore a function of Z and Z (not Z.
L n g out in

and Z). 1
L

For a source generator whose antenna external noise is zero and whose

impedance is at an ambient tenerature equal to the reference temrperature,

the available input noise power to the twor-port of figure 1-1(a) is equal to the

reference noise power. only for such conditions is the noise factor of a

two-port equal to the ratio of the input to output signal-to-noise ratios of

the network.

(2)
The available loss factor In of a linear two-port is defined as

-s./S (1-2)
'n 10

where s and s are defined in Eq. (I-1).

From substitution of Eq. (1-2) into Eq. (I-1), the available noise

output power nt is given byetog

0in Jn h odipdneZ ssteult o t  (o o t md qa o -. .

.

no f T n nref In t t f (1-3)
n ref

With reference to figure 1-1(b), the available output noise power referred to

the input terminals of an equivalent noiseless two-port (denoted as the available .-

effective noise power neff) is given by -.

ne n I f n t t (1-4) L .
no 0 n n ref g ref

30

Wit reernceto igre -lb) he valabe otpt nis poer efrre t



NJ r-'r2 rrr ,rr.- -"I-° - r r.r

Fran Eq. (1-4), the noise factor of a linear two-port is the available

effective noise power normalized to the reference noise power.

The available effective noise power rise, Aneff, referred to the input

terminals of an equivalent noiseless two-port, is defined as

Aneff =neff -nref =tref (f - 1) (1-5)

The available effective noise power rise,neff, is the available noise.

power, referred to the input terminals, which is internally generated by the

linear two-port. The available output noise power rise, Ano, at the output

of the two-port, is defined as

An0 = n - (nref/tn) = kb tref f - l)/n (1-6)

The available output noise power rise, Ano, is the available noise power at

the output of the network, which is internally generated by the linear

two-port. -'

It is often convenient (but not necessary) to express a noise power In

in terms of its equivalent black body noise temperature t = n/kb. The noise

temperatures corresponding to the various noise powers of Eq. (I-1) to

Eq. (1-6) are defined below.

The reference noise temperature, t ref, is defined as

tref nref/b [cf. Eq. (A-i)] (1-7)

The effective noise temperature, teff, at the input of the equivalent

noiseless two-port is defined as,

teff - fAb = f t (1-8)et' n ref

31
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The effective noise temperature rise, Ateff , at the input of the equivalent

noiseless two-port is defined as

Ateff teff tref nefff/kb (fn 1)tref (1-9)

The output noise temperature, to, at the output of the two-port is defined as

to =noAb =fn tref/In (I-10)

The output noise temperature rise, At at the output of the two-port is

defined as

AtO  t0 - (tf/n) = nlkb = ( - 1)tref/in (I-li)

In Eq. (I-1), the noise factor fn is defined for a source impedance at

an ambient temperature tg = t Measurements of noise factor are often K
gref*

performed when the source impedance is at ambient temperature tg t retf For

such a case, the measured noise factor is not equal to f The measured --

noise factor, fn,t, is defined as
f (sA W ono, tg no t/nren,t i ref /n ) n n ref

f - n ot/no (I-12)-

where no,tg is the available measured noise output power at the output of the

two-port when the source impedance and is given by

/nrf\ t Int
no+ ref-- (-_- ~ e

= tg = n + t -1) (1-13) 9
n get.' -2f "

Substitution of Eq. (1-13) into Eq. (1-12) yields

nt g tref + fn 1 (1-14)

32
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IB. Passive, Lumped, Series Impedance

With reference to figure 1-2, consider a linear two-port network

consisting of a lumped, passive, series impedance Zn at an ambient

temperature tn, with an effective bandwidth b, a CW source generator with

open-circuited signal voltage vg = Re(V e JCt) and output impedance Zg at

ambient temperature t = t and a load impedance ZL.

The available input signal power si, which is camputed by conjugate

matching the input impedance to Zg, is given by (see Eq. I-1)

si IVgI2/[BRe(Z)]= Iv 2/[8 Re(Zg)I (1-15)

The available output signal power so, which is computed by conjugate matching

the load to the output impedance Zn + Z is given by

so  IVg1 2/[8 Re (Zg + Zn)*] IVg1 2/[8 Re (Zg + Z (1-16)

From Eq. (1-2), the available loss factor n is given byn

n = si/S = Re(Z + Z /Re(Z)

'n i o n g

= 1 + [Re(Zn)/Re(Zg)] (1-17)

The open-circuited rms noise voltage, Vnoc , at the output of the

two-port is given by

Vno J4 kb [(Re Zg)tref +(Re Z ) t l/2, tg t -18)
nc9rf n n g ref(18)-

The available output noise power, no, is the noise power delivered to a load

zL when ZL is conjugate matched to the output impedance of the two-port.

Accordingly,

33



IF. Cascaded Two-Port Network

Consider two cascaded linear two-port networks a and b with identical

bandwidth B (see fig. I-4). Networks a and b, at ambient temperatures ta and

tb, respectively, are characterized by noise factors fa and fb' and
available loss factors I and respectively. The noise factors fa fb'

'a b'
and available loss factors b are defined for the two-ports with their

source impedances as connected in figure 1-4 (not for each two-port connected

separately to the generator and load). The generator output impedance Zg is at

an ambient temperature tg- tref. The cascaded network noise factor, as a

function of the individual network noise factors, is of particular interest.

The derivation follows that of Friis (6)

The available output noise power nab at the output terminals of

network b is by definition [see Eq. (1-3)] given by

1nab f fb nref/lab  (1-55)

where

feb = noise factors of the two networks in cascade ''

= available loss factor of the two networks in cascade ab

nref reference noise power = kt refB

The available output noise power n aat the output terminals of

network a, is by definition [see Eq. (1-3)] given by

n =f n (1-56)
a a ref a

* •

The available noise power (na)b, at the output terminals of network b, due to.

the noise sources in network a and the Johnson noise of the generator

impedance Z is given by

(na)b nak/Ib fa nref/fa 'b (1-57)

47
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where

f empirical minimum noise factor for any possible source impedance Z
0 9

at an ambient temperature tg = t
g ref*

Yn nbo) = b g + j bno empirical complex noise parameter with the

dimensions of admittance (mhos). "

rn empirical noise parameters with the dimensions of resistance which

accounts for the sensitivity of the noise factors to network source

impedance (ohms).
n

The noise factor fn given by Eq. (1-53) has a minimum value f for

y 1/z.Yno /g

For a passive linear two-port network, it follows by comparison of Eq.

(1-24) with Eq. (1-53) that the empirical parameters reduce to

f 1, r = r ref n

fo 1, rn rn,eq (t /t ) , yno 0; passive network (1-54) r
46.- .
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IE. Active Two-Port Network

Consider a linear two-port network whose general configuration is shown

in figure I-i but which is restricted to contain at least one active element. .

For an active network, the available output signal power can exceed the

available input signal power and consequently the available loss factor

can be less than unity. In active networks, it is often more convenient to

express available output signal or noise powers in terms of the available

gain factor g defined by

g =s/si=1/ (U-52)n 01s n

where so, si = available output and signal powers, respectively, of the .

linear two-port.

The equivalent lumped series resistance rn,eq, which is defined in. . .

Eq. (1-23) for a passive network and which has the same available loss -.

factors as the two-port network, can be negative in an active network since

its available loss factor In can be less than unity. The noise factor fno,

which is given by Eq. (1-24) for a passive network, is not applicable to an

active network because the noise originating within an active network is not

necessarily thermal noise generated by ohmic losses.

The noise factor fn of any linear two-port network at an ambient

temperature tn for an arbitrary source impedance Z at an ambient temperature . ?

tg = ref may be characterized in terms of four empirical parameters of the

network in a functional relationship given by

n 12

n o Re(1/Z) (/zg n (I-53) ,,

45
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The transmission line noise factor, f n is found by substituting In
given by either Eq. (1-46) or Eq. (1-48) into Eq. (U-28). The equivalent,

lumped series resistance rn of the transmission line (as far as available

loss factors or noise factors is concerned) is found by substituting either

of the above expressions for In into Eq. (1-23).

For the following special transmission line cases of interest, 'n f n"
and rn reduce to

1, Yd = 0 (a)

= ctZg = 0 or I -, Yd IR 0 (b)
00, 2g = oo orF 1, Yd k 0 (C) (1-49)

=x(a) O 1 or]- 0 (d)

1, Y = 0(a)

0on =o orF = , Yd 0 (C)

n ref ' - d

0, Yd =0 (a)
2

rn cosh (Yd) Re(Z tanh(Yd)], Zg=0 orr- -1 (b) (1-51)

00 g = 0 orF- 1, Yd IR 0 (C)
[1~ 1x(cdjeZ zz (d)

0 q/
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Multiplying numerator and dencuinator by Q [ Zgt +1], dividing numerator and

denanminator by [1 + exp(-2Yd)] and noting that x' = -d corresponds to x =0

and x' =0 corresponds to x *-d, Eq. (1-44) reduces to

I ~~Z + z tanh(Yd) (-5

Zx0iZ(x-d)=Z -(Z Z )tanh(Yd)+l
g o/

Substituting Eq. (1-38) and Eq. (1-45) into Eq. (1-27), the available

loss factor isgvnb

11(z /Z 0)tanh(Yd)+llcosh(Yd )I2 z Z0tanh(Yd)

- Re(Zg)Re +](1-46)

Fran Eq. (1-43),

Zg z 0(1 +F(x,=O)]/[l -F(x'0O)] (1-47)L

Substitution of Eq. (1-47) into Eq. (1-46) yields after some algebraic

manipulation an alternative expression for 'n given by

exp(d) (I_ 1, 2 exp(-4d) - 2[Im(Z0 )/Re(Z 0 HIm[Ibxp(-2Yd) 13

n 2
1 -n -2[Im(Z )/Re(Z 0 )HIM I 1-

where

r=Px=O)z(x...r)..z [(zg/z0)-l]/l(Zg/Z0 )+l]

Y C1G + jB.
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For the condition Z(-d) Z z at x =-d, the forward travelling wave .*-, .

originates at x = 0 and propagates in the negative x direction whereas the
reflected travelling wave originates at x =-d and propagates in the positive

x direction. It is therefore convenient to introduce a new coordinate axis
*4

x' -d--x. The voltage V(x'), current I(x'), and impedance Z(x') for the -

(3)
condition Z(x'=0D) = Zg are given by

9r

VWx) V+ e + V ey" =V+ e"XI x Y +F'(x'=O) e 2Y'J (1-39)

I~x)=1 ~ + I~x (V/Z e Vx[l (xI=O) e2'] (1-40)

FY 2Vx, =/r 2 x'
Z(x') =V(x')/I(x) z ~0  1+ F(x9 0O) eJ/ l-~'0 e

=z0  1 +F~"[ F(Xx) (1-41)

where

F-(x'=0) = v/V+ voltage reflection coefficient at x' 0

F(x') ]F(x' -0) 2Yx voltage reflection coefficient at position x'.

Fran Eq. (1-41),

Z(x'=0) =Zg = [1 +F-(x'=0)1/[l -F(x'=0)I (Q-42)[

Fran Eq. (1-42),

-(x'=0) =UZg9/Z 0  - l/[(z9Z 0) + 11, z(x'=0) z Zg Q-43)

Substituting Eq. (1-43) into Eq. (1-41),

Z(x'=-d)I Z 0 g' llep-Y)g z0)1/( /Z 0)+11 Q44Z(x'=O)=z 1-exp(-2 7d)[(Zg/Z )-11/[(Zg/z )+ll(144
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Frain Eq. (1-31),

z(O) 00 cc [l0 +F(O)I/[l -F(O)1 -2

Consequently,

F(o) =1, z(O) =c0 (1-33)

Substituting Eq. (1-33) into Eq. (1-29) and Eq. (1-31),

V(-d)=V+e d [1 + f(O) e -2Y V, (eyd + e -yd, =()00 (1-34) :

Z (-d) Z. z[I +F(o) e72Yd]/[i -,-(0) e72"'] ~

Z (1 + e 2V)/(l - e~2 d Z~tanh(Yd), Z(O) =00 (1-35)

where tanh y = [1 - exp(-2y)]/[1 + exp(-2y)] = -tanh (-y). The input

impedance Z(-d) is in series with the output impedance Z of the signal
g

generator. The voltage V(-d) is therefore given by

V(-d) =~ g lIZ(-d)/[zg + Z(-d)I = vgl/1(Zg/Z 0 ) tanh (Yd) + 1]

z(O) =00 (1-36) --

Substituting Eq. (1-36) into Eq. (1-34),

lvi
V+ [( ',z(O) =00 (1-37)2 cosh (Yd) UZg/Z 0 tanh(Yd)+lr

*Substituting Eq. (1-37) and Eq. (1-33) into Eq (1-29), ': :

IVS I
V(O) I z (0)('d (1-38

Z(O=o [ Z/)tanh(Yd)+1]cs(d)(-8

where cosh y =(ey + e-y)/2.
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Fran Eq. (1-24), the transmission line noise factor, fn' sgvnb

tn.
f =1 + I - . (1-28)

tref

where I is given by Eq. (1-27).n

The functional dependence of the parameters V(0)I and (~
z (0) 00 dZ0IZ(-d)=Z

upon the characteristics of the signal generator and the transmission ln

are determined in the remainder of this section.

For~~~~~~~ ~ ~ ~ ~ ~ th pncrutcniin*O =o tx 0 h tnigwv
K~. voltage V(x) at a position x (- d < x < 0) along the transmission line may be

considered as the sum of a ifoward travelling wave V (x) =+ V x x

oriinaingat x = -d and a reflected travelling wave V-(x) =V- exp (Vx)

originating at x = 0. The camplex voltage amplitude V(x), cauplex current

amplitude I(x), and impedance Z(x) are given by

V(x) V+ e + Ve =V+ e 11 +rnO) e (1-29)

I(x) I~ e- + Ie = (V+/Z )e Yx[i _-(0)ejx (1-30)

Z(x) =V(x)/I(x) =z +J(0 -(0)

= 0 l+~)/l-~) (1-31) *-

where

F70) = v/Vt voltage reflection coefficient at x =0

27xF-(x) = F(0) e =voltage reflection coefficient at position x
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ID. Passive Transmission Line

Consider a passive two-port network whose impedance elements are

continuously distributed such as the transmission line of figure 1-3. The

transmission line is at an ambient temperature tn and is fed by a signal

generator of open-circuited voltage v (t) = Re(V eJ t ) and output impedance
g g

Z at an ambient temperature tg = t The transmission line is of length d
g ref*
with a characteristic impedance Z° and a propagation constant Y= ce + j8. The

transmission line impedance, Z(x) = V(x)/I(x), is a function of the voltage

V(x) and current I(x) which vary with position x along the transmission line.

The available CW input signal power, si, at the input terminals x = -d

of the transmission line is given by

s IVg12/(8 Re Zg) (1-25)

The available CW output signal power at the output terminals x = 0 of the

transmission line is given by

S= tV(O) o0 f2 8 Re Z(0)(-d)ZJ (1-26)

- where
V() 00 open-circuited complex voltage amplitude at x= 0

z(0) IZ(_d=Z = output impedance, of the transmission line at x = 0

g looking back in the direction of the signal generator for

the condition Z(-d) = Z at x -d.
g

The transmission line available loss factor, 'n' is given by Eq. (1-2)

as

s _ Re (O)Iz(-d) =Z

In =s =I12 (1-27)In V(O)z(O) =00 9. _ +
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At an ambient temperature tn the resistance r has a noise factor given -n~ n,eq
by Eq. (1-21). The noise factor f nof a passive linear two-port network may.

therefore be expressed as

fn l(n/e)t/ 1 + (rn -()t/te) tA t (1-24) ~
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IC. Passive Two-Port Network

Consider a linear two-port network whose general configuration is shown

in figure I-1 but which is restricted to contain only passive elements. The

passive network may be any configuration of lumped impedance elements (such -"

as resistances, capacitances, and inductances) or distributed impedance

elements (such as a transmission line). The two-port is at an ambient

temperature tn and is characterized by an available loss factor In for a

source output impedance Z at an ambient temperature t = tref where tref is"

the reference temperature.

The available loss factor I is the ratio of the available input to

output signal powers (see Eq. 1-2). For a passive network, the available

loss factor > 1 since the available output signal power can never exceed

the available input signal power. The available loss factor In of a passive

network is given by

/n / , passive network (1-22)
where

S= Si  available signal power efficiency of a passive network

So'Si = available output and input signal powers, respectively, which are

functions of the output impedances looking back toward the source at

the output and input terminals, respectively

Consider a passive two-port network whose available loss factor In andCosie imeacar
source impedance Z are known. The two-port network and source impedance are -,

at ambient temperatures tn and tg =t respectively. Fran Eq. (1-14), it

is always possible to replace the passive two-port network by an equivalent,
l , series resistance in,e which has the same available loss factor

as the two-port network provided that -.

rn (I 1) Re Z (1-23)
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V2 ~ eL2

V2 kb[(eZ)t +(RZ t 1-9noc L e
g Re Re( (Z + g refZ

Luttto Eq. L RQ9
of (-15) Eq.(1-6), nd E. (-19)intoEq.(I-i yieds)

noise factor f given by

(Re Z n )t n
f 1+,tg t (1-20)= 1 Re )t g ref

g ref

*However, it is noted frcii Eq. (1-17) that Re z n/Re Z In- 1. Accordingly,

Eq. (1-20) reduces to

~n ~1( n 1( n/tref) Itg =tref (-1

The noise factor f given by Eq. (1-20) is valid only for a passive, lump~ed,n
series impedance whose available loss factor In is given by Eq. (1-17).

However, it will be shown in the following section that the noise factor f . ~
* n

* given by Eq. (1-21) is valid for any passive two-port network of known

available loss factor .1> 1.
*n -
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The available output noise power rise Anb, at the output terminals of

network b, which is internally generated by network b is by definition [see

Eq. (1-6)] given by _

nb nref ( - 1)/lb (1-58)

The available output noise power nab, given by Eq. (1-55), is also given by

nab = (na)b + nb (-59)

Substituting Eqs. (1-55), (1-57), and (1-58) into Eq. (1-59),

fab fa (fb l)'a (1-60)

- 7
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IG. Lossless Antenna with External Noise

Consider a loss-less receiving antenna with an output impedance Zg at an

ambient temperature tg = t ref and with open-circuited rms signal and noise

voltages, Vgand va, respectively, as shown in figure 1-5. The output

impedance Z = ra + jx where r and x are the antenna radiation resistancea a a a12
and reactance, respectively. The voltage v 9= [2 s 0)weeSd s-

jo'/ go- '

the available signal power at the output terminals of the loss-less antenna

(see figure 1 of section 2) and r7 is the free-space wave impedance -_122 ohms.
1/2 0The voltage v =[2n i~I where n is the antenna external available noisea ao a

power at the output terminals of the loss-less antenna with an effective

bandwidth b.

The antenna external noise may be treated as a fictional two-port network

characterized by an available loss factor 'a and an antenna external noise

factor fa as shown in fiqure 1-4. The available output and input signals

powers, of the fictional two-port network, are equal. Accordingly, from Eq.

la 1 (1-61)

The available output noise power no n a The reference noise power nre

kt b. Therefore, fran Eq. (I-3), the antenna external noise factor f isref a
given by

f a ~na/nref (1-62)
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IH. Radio Receiving System

The noise equivalent circuit of a radio receiving system (see figure 1-6) '

may be considered as five cascaded linear two-port networks, each with an -°--

".- effective bandwidth b, in series with a source impedance Z equal to the . .
g

output impedance of the equivalent lossless receiving antenna. Figure 1-6 is

the noise equivalent circuit of the radio receiving system in figures 1 and 2

of section 2. In figure 1-6, the subscript r to denote "receiving system" has . -

*.[ been cmitted and the reactance and ideal transformer elements of network 3 are .

not explicitly shown although they are implicitly included in the noise

parameters of networks 4 and 5 which follow these elements.

The source impedance Zg is given by Zg r + jx where r and xa are

the radiation resistance and reactance, respectively, of the receiving antenna. ,.,>

*[ Network 1 accounts for the antenna external noise which is characterized by , § "-

an antenna external noise factor f and an available loss factor ' = 1 [see

Eq. (1-61) and (1-62)]. Network 2 accounts for the ohmic loss resistance rc

of the antenna circuit at ambient temperature tc with a noise factor fc and

available loss factor 1c" Network 3 accounts for the ohmic loss resistance "- .

(rm + r), at ambient temperature tm, of the reactive element and switch of
s4

the matching network which is characterized by a noise factor fm and available

loss factor m Network 4 accounts for the equivalent loss resistance r
m n ,eq

at ambient temperature tn, of the transmission line which is characterized by

a noise factor f and available loss factor 2n" Network 5 accounts for the

receiver noise which is characterized by a noise factor fr and available gain

factor g '.""."

Networks 1 and 2 in cascade have a noise factor f12 given by Eq. (1-60) .

and Eq. (1-21) as - , '-

12 + - l)a = fa + (I-1)(tc/tref) (1-63)
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Networks 1, 2, and 3 in cascade have a noise factor f12  given by Eqs. (1-60),

(1-21), and (1-63) as

f =f + (f -141 I f + (f1(/) (~) trf
123 12 m 12 a lc'c /ref)+ 'c'n-1( e

(1-64)

where I =L12 a c 7- c
Networks 1, 2, 3, and 4 in cascade have a noise factor f1234 given by Eqs.

(1-60), (1-24), and (1-6) as

f1234 = m 123 a c aC ref c (ntref

1c~m( 'n -1)(tn/tref) 
(1-65)

where
123 m

Networks 1, 2, 3, 4, and 5 in cascade have a noise factor f12345 which is

designated as the system operating noise factor, f, and which is given by Eqs.

*(1-60) and (1-65) as

f24 123 r -1 1234 =
1 a + 'c-1)(tl/tref) >.

+ Ic (m-1(mte)+I 1n 1(n/tref) (1-66)

(4 1)'mtIn trf)

where1)

hee 1234  I a Ic ~m n 1c 'mrn'

For the network ambient temperatures equal to the reference temperature tref

* Eq. (1-66) reduces to

f f -i+If ft=t t U(-67)
a c mIn r c tm n tref
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The system (effective) available noise power, n, referred to the input

terminals of an equivalent noiseless receiving system is given by

n = f nref (1-68)

where nref k teb. Since network 1 has an available loss factor fa 1,

the system available noise power, n, may also be referred to the output

terminals of network 1 which is identical to the output terminals of the

equivalent lossless antenna with antenna extternal noise.

The system available output noise power, no, at the output terminals of

the receiver (network 5), is given by

no=n/L fn 1( ~)(1-69)o 12345 ref/(1  m n/gr )
.

where '12345 m = ' In/gr •c 'm I

Eqs. (1-66) - (1-69) are a function of the available loss factors c

and 1. With reference to figure (1-5) (or the impedance equivalent circuitn
of figure 2 of section 2), the real part of the source impedance to networks 2

and 3 is ra and (ra + rc), respectively. With reference to Eq. (1-17), the

available loss factors 'c and 1 m are given by

C = 1 + (rnra) (1-70)

2=1 + [(r + r)/(r + r) (1-71)
Im m s C a

With reference to Eq. (1-48) and figure 2 of section 2, the transmission line

available loss factor, in' is given by

exp (2ad) 11-IFi2 exp(-4ad)-2[Im(Z0 )/Re(Zo)0Im [Fexp(-2Vd)]I

n2 1 -I F 2 - 2[Im(Z )/Re(Z )Im F (1-72)
0 0
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where

d = length of transmission line (i)

Y = a + j8 = propagation constant of transmission line (nepers/m)

F= voltage reflection coefficient = (Z - Zo)/z + zo)

zo = characteristic impedance of transmission line (ohms)

Z = source impedance to the transmission line (ohms)

= a2[ra + rc = rm + rs ) + j(xa + xm)]

Zo, antenna impedance conjugate matched to transmission line " .

r + jx + rc, no matching networka a rc1-
a = transformer turns ratio of matching network

X = reactance of matching network (ohms)

-
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II A. Description

Program SONF (System Operating Noise Figure) camputes the K.

expected value and variance of the receiving system operating noise

figure relative to thermal noise at temperature 288 deg K and

referenced to the output terminals of an equivalent receiving

antenna with zero ohmic loss. The program is specifically written .. *

for the frequency band 20-102 MHz.

Particular features of the program are the inclusion of external

man-made environmental noise and the effect of antenna impedance

mismatch on receiver and transmission line loss factors.

The program is written in ANSI Fortran and is ccmpatible with

the Digital Equipment Corporation PDP-11/70 RSX-IIM-Plus coaputer

operating system.

The input variables, constants, derived output variables and

numerical values of the input variables of the program SONF are { S

listed in Tables 1, 2, 3, and 4, respectively.

6-0 -
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TABLE Il-I

INPUT VARIABLES, SYSTE4 OPERATING NOISE FIGURE

ALGEBRAIC COMPUTER
NO. SYMBOL SYMBOL DEFINITION UNITS

i 1 fM FMHZ rf carrier frequency Hz
MCz

2 b B receiver noise power effective bandwidth Hz

3 t TC ambient temperature of the receiving antennac circuit deg K

4 t TM ambient temperature of the receiving matching
network deg K

L 5 t TN ambient temperature of the receiving transmission 1.
line deg K

6 rc,r RCR ohmic loss resistance of receiving antenna
Icircuit ohms

C 7 r RAR radiation resistance of receiving antenna ohms '
a,

0

18 xa~ XAR input reactance of receiving antenna ohmsatch

_1 9 r RMR ohmic loss resistance of receiving antenna r'
matching network (excluding switch) ohms

-10 Xm~r  HR reactance of receiving antenna matching '-'.
m ntwrkohms -. -

11 a A ratio of secondary to primary turns of ideal S.""""•

. transformer of receiving antenna matching network
* I

j12 rs r RSR ohmic loss resistance of switch of receiver
antenna matching network ohms ' "'"'"'".:"

A- .:.-- .:-



TABLE II- I -

INPUT VARIABLES, SYSTEM OPERATING NOISE FIGURE (cont.)

ALGEBRAIC COMPUTER -7-
NO. SYMBOL SYMBOL DEFINITION UNITS

13 f FO minimum noise factor of receiver for any possibleT• source admittance ys', [["1

0s

o 14 r RN receiver noise empirical parameter with the
n dimensions of resistance ohms

* 15 g GNO receiver noise empirical parameter with the
U dimensions of conductance mhos

16 b BNO receiver noise empirical parameter with the
no dimensions of susceptance mhos

17 Re(zo ) REZOR real part of the characteristics impedance

of the receiving transmission line ohms

* 18 Im(zo r) IZOR imaginary part of the characteristics impedance
orof the receiving transmission line ohms

C

S19 Cr ALPHAR attenuation constant of the receiving transmission L
r line nepers/m

z ,

* 20 r BETAR phase constant of the receiving transmission
Sr line nepers/m

21 d r length of receiving transmission line m

22 (Fa> FAMEAN expected value of external noise figure of receivingT antenna dB

o 23 D DUFAT F (90%) PaF (50%) upper decile minus the

a- median, of time variability, of external noise

figure of receiving antenna dB

* 24 D, DLFAT F (50%) - F (102) - median minus the lower
tFa,t a,t

decile, of time variability, of external noise

figure of receiving antenna dB

25 F  FALSTD standard deviation of location variability of
a, external noise figure of receiving antenna dB
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7.7

FATSTD-( 1./i. 28)*(. 5*(DLJFAT**2. 4DLFAT**2. )-. 1592* '

4 (DUFAT-DLFAT)**2. )**. 5
FASTD-((C FALSTD)**2. +(FATSTD**2. )**. 5)
SFAMEN=10. **((FAMEAN/10. )+. 5*ALOQ( 10. )*(FASTD/10. )**2.)
SFASTD-SFAMEN*( 10. **(( (FASTO/lO. ))**2. *ALOQ( 10. ))-1. )**. 5
LMR-(RAR+RCR+RMR+RSR )/ (RAR+RCR)
LCR=(CRAR+RCR) /PAR
SFMEAN=SFAMEN+(LCR-1)*(TC/TO)+LCR*(LMR-1)*(TM/TO)+LCR*LMR*(LNR-1)*

N (TN/TO) +LCR*LMR*LNR* (FR-i)
SFSTD=SFASTD
FSTD=1O*(((1/ALoG(lO. ))*ALOG 1O(1.O+((SFSTD**2. )/(SFM4EAN**2.))))**.

5)
FMEAN-10*(ALOQ 10(SFMEAN)-. 5*(F'STD/10)**2*ALOG(10. ))
NSTD=FSTD

****************CALCULATE W************
B-1,7E+4

W=30+ 10*ALOG 10 CK*TO*B)

******************CALCULATE NMEAN N=W+<F>*************
AN=FMEAN+W .,

DFMEAN= (FMEAN-FAMEAN)
SDFMEN= SFMEAN/SFA EN)
WRITE( 1,673)

****************OUTPUT CALCULATED VAR IABLES*********

873 FORMAT(23X. 'DERIVED VARIABLES,TABLE 3'/)
WRITE( 1. 74)W. ZOUT

874 FORMAT( lX.'1 W- ',EIO. 4, ' (d~m)', 16X,
1 '2 Z OT = ( ', E10.4. E 'E0. 4,' (OHM'S)'I

WRITE (1.675) ZOR
975 FORMAT(1X, '3 ZOR= ('.El0.4.' , ',EIO.4. ') (OHMS)'/)

WRITE( 1, 76)REFLR
876 FORMAT(1X, '4 REF-R- (',E1O.4, ' ',EIO.4. )C

WRITE (1,677) CAPMAR ''4

877 FORMAT(1X, '5 GAMMAR- C',EIO.4. ' .',910.4. ') (NEPERS/METER)'/)
WRITE( 1, 678)YS

a9/8 FORMAT(1X. '6 YS- ('.EIO.4, ' '.ElO.4. ') (MHOS)'/)
WR ITE ( 1, 879) YNO, FR '

879 FORMAT(IX. '7 YNO- ('.E1O.4. ' .'.E1O.4, ') (MHOS)',2X,
4 '8 FR- '.EIO.4. ' C )/ *.~

WRITE( 1,880)FATSTD. FASTD
880 FORMATC1X. '9 FATSTD- ',EIO.4. ' (dB)', 12X,

4 '10 FASTD= ',E1O.4, ' (dB)'/)r
WRITEC 1.691 )SFAMEN. SFASTD

aej FORMAT(IX. '11 SFAMEAN- '.E1O.4. ' -)'.6X.
11 '12 SFASTD- '.E1O.4. '

WR ITE (i, 950)
950 FORMAT('1', 'PROGRAM SONF SYSTEM OPERATING NOISE FIGURE 1/13/64

4 '.lX, 'PAGE 2')
WRITE( 1,910)93

910 FORMAT(1X, 'SCENARIO: ',1X.A65.1X)
WRITE(I1,920)C3
WRITE (1, 920) D3
WRITE( 1, 920)E3
WR ITE (1, 920) F3
WRITE( 1,930)03

920 FORMAT(IIXA40)
P30 FORMAT(11X.A40/)

WRITEC 1. 82)LCR. LMR
982 FORMAT(1X. '13 LCR= ',E10 4.' C-----',12X. '14 LPIR= ',E1O.4.
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READ(3. 820)1I.J
820 FORMAT(212)

IF ((I.EG.l) AND. (J.EG.1)) THEN
FAMEAN-(76. 8-27. 7*ALOG IOCFIIHZ))
DUFAT-( 10. 5+0. 093*(FMHZ-20. 0)) -
DLFAT-(7. 6+0. 0179*(FMHZ-20. 0))
FALSTD-C4. 93+0. 079*(FtIHZ-20. 0))

ELSEIF ((IEQ.2) AND. (J.EQ.1)) THEN
FAMEAN-C72. 5-27. 7*ALOG 10(FMHZ))
DUWAT-( 10.6+0. 061*(FIHZ-20. 0))
DLFAT-(6. 5.. 2I*(FMHZ-20. 0))
FALSTD-(4. 65-0. 024*(FMHZ-20. 0))

ELSEIF ((IEQ.3) AND. (J.EG.1)) THEN p m
FAMEAN-(67. 2-27. 7*ALOO I0(FtIHZ))
DUFAT-(7. 8-0. 089*(FPU4Z-20. 0))
DLFAT-(5. 5-0. 132*(FMHZ-20. 0))
FALSTD-(4. 53-0. 046*(FMHZ-20. 0))

ELSEIF ((lEG.i) AND. (J.EG.2)) THEN -

FAMEAN-(76. 8-27. 7*ALOG I0(FMHZ))
DUFAT-(13. 1-0. 022*(FMHZ-48. 0))
DLFAT-(8. 1-0. 44*(FMHZ-4. 0))
FAL8TD-(7. 13+0. 030*(FMHZ-48. 0))

ELSEIF ((IEQ.2) AND. (J.EG.2)) THEN
FAMEANC(72. 5-27. 7*ALOO 10(FMHZ))
DUFAT-(12. 3.. 037*(FMHZ-48. 0))
DLFAT=(7. 1-0. 042*(FMHZ-48. 0))
FALSTD-(3. 98-0. 023*(FMHZ-48. 0))

ELSE
FAI4EAN-c67. 2-27. 7*ALOG 10(FMHZ))
DUFAT-(5. 3.0. 096*(FMHZ-4. 0))
DLFAT-C1. 9+0. 024*(FMHZ-48. 0))
FAL.STD-(3. 23-0. 0109*(FMHZ-48. 0))

END! F
UR ITE (1.839)

838 FORMAT( IX. 'ENVIRONflENTAL NOISE')
WRITE( 1.840)FAMEAN, DUFAT

840 FORPMAT(1X, '22 FAIIEAN- '.EIO.4. ' (dB)',14X.
6 '23 DVFAT- ',EIO.4. ' (dB)')

WRITE(I1, 50)DLFAT. FALSTD
850 FORMAT(IX. '24 DLFAT- '.E1O.4. ' (dD)',15X.

6 '25 FALSTD- '.EIO.4. ' (dB)'//)
C -

WRITEC 1.851)
851 FORMAT(26X. 'CONSTANTS. TABLE 2 '/)

WRITE(1. 952)TO. K
852 FORf4AT(1X. '1 TO- ',ElO.4, ' (DEG K)',15X.

6 '2 K- ',EI0.4. ' (JDEQ K)'//)
OAMHAR-CHPLX (ALPHAR. DETAR)
ZOJT-CIIPLXM(A**2. )*(RAR-RCR-RMR.-RSR)), U(A**2. )*(XAR.XM)))
YNO-CNPLX (ONO. DNO)
REFLR-( ZOUT-ZOR )/CZO$JT.ZOR)
YS-(1./ZOR)*(l.-(REFLR*CEXP(-2.*QAMMAR*.DR)))/(1..R -FLR*

C (CEXP(-2. 4GAWIAR*DR))) ...-

RYS-REALCYS)
FR-FO4RN/ (RYS )*(CADS(CYS-YNO) )**2.
RREFLR-AIMAQ(REFLR)
RERFLR-AI#IAQ(REFLR*EXP(-2. .DETAR*DR))
LNR-(EXP(2.*ALPHAR*DR)*C1 -CCCADS(REFLR))**2. )*EXPC-4.*ALPHAR*DR))+

2 ((-2. )*(IMZORIREZOR))*AIMAQCREFLR*CEXP(-2. *GAIIPAR*DR)))/
3 Cl -(CCADSCREFLR))**2. )-.C-2. )*(IMZOR/REZOR))*CRREFLR))
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C
RCR-1. 939E-4*( (FMHZ)**. 5)
RAR-(2. 84E-4)*( (FMHZ)**2.)
XAR- (-3. 0E+4) /FMHZ
WRITE( 1. 505)RCR, RAR

505 FORMAT(1X,'6 RCR- .,ElO.4.' (OHMS)'*16X, -Ail
6 '7 RAR- 1,E10.4.1 (OHMS)') -

WRITE(1. 510)XAR
510 FORMAT(1X, '8 XAR- ',E10. 4, ' (OHMS)'/) ~ .

WRITE( 1.515) -

515 FORMAT(1X. 'MATCHING NETWORK'')
C

C IMZOR-(1. 25E-2)-2. 65*((l/FMHZ)**. 5)

ZON-CMPLX (REZOR. IMZOR)
ALPHAR-1. 68-3(FMHZ**. 5)4.OE-6*(FI*IZ)
DETAR- (3. 1SE-2)I*FMHZ

C
C **INPUT (1) FOR MATCHED NETWORK, INPUJT (0) FOR NO MATCHING NETWORK**
C

710 FORMAT(r)
READ(3. 710)N
IF (N .LT. 1) THEN

RMR. 0
XMR0. 0
RSR0. 0
A-1. 0

ELSE
RMR-4. 6E+2/(FMIHZ*01. 5)
XMR-3. OE.4/ (FMHZ)
RSR0. 25
A-SORT( (REZOR/(RAR.RCR.RMR+RSR))I

END IF
WRITE(1,810)RMR. XMR

910 FORMAT(2X. '9 RMR- ',EIO.4. ' (OHMS)'. 14X.
6 '10 XMR-, 'E10. 4, ' (OHMS)')

WRrTEC 1.811 IA.RSR
81l FORMAT(1X, '11 A- '.E1O.4. ' -)',16X,

6 '12 RSR- '.E10. 4, ' (OHMS)'/)*
WRITE( 1,812)

812 FORMAT(1X. 'RECEIVER NOISE')
WRITEC 1. 13)FO. RN

813 FORMAT ( IX. '13 FO- 1 'E 10.4.' - .1X
8 '14 RN- '.E1O4. ' (OHMS),)

WR ITE ( 1, 8 14)G040, INO
814 FORMAT (1 X, '15 ONO- ', E10. 4. ' (MHOS)'.15X,

6 '16 BNO- ',E1O.4. ' (MHOS)'iV)
WRITE(l 1815)

915 FORMAT(IX. 'TRANSMISSION LINE')
WRITEC 1. 16)REZOR. IMZOR

816 FORMAT(IX, '17 REZOR- '.E1O.4. ' (OHMS)'
6 ~13X. '19 IMZOR- '.EIO.4. ' (OHMS)')

WRITEC 1,817)ALPHAR. DETAR
917 FORMAT(1X. '19 ALPHAR- ',E1O.4. ' (NEPERS/METER)',4X. '20 BETAR '

6 .El0.4,' (NEPERS/MIETER)')
WRITE(1. S1S)DR

819 FORMAT (I1X. '21 DR - ', E10. 4, ' (METERS)'/)
C
C * I-AREA. J-FREQUENCY RANGE
C * 1-3USINESS.2-RESIDENTIAL.3-RURAL 1a(20-48)MHZ, 2in(48-102)MHZ
C *#*#*#***.*******#,B*******~~***Y.
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11 C. Listing

C * PROGRAM SONF SYSTEM OPERATING NOISE FIGURE
C
C r'

REAL K, IMZOR, LCR. LMR. AN. LNR. NSTD
COMPLEX ZOR. YNO. GAMMAR. ZOUT. VS.REFLR
CHARACTER*65 83, C3, D3, E3, F3, G3

C
C ****SOWF. DAT IS THE DATA FILE. SOWF. OUT IS THE OUTPUT FILE****

OPEN(UNIT-3. TYPE-'OLD'. NAME-'SNF. DAT')
OPEN(UNIT-1.TYPE-NEW'.NAME-'SONF. OUT')
WRITE(1. 10)
READ(3. 5)3
REAB(3. 6)C3. D3
READ(3, 7)E3. F3
READ(3. 9)G3

5 FORMAT(A&5)
6 FORMAT(2A20)
7 FcIRMAT(2A35)
8 FORMAT(A35)

10 FORMAT(IH1. 'PROGRAM SONF SYSTEM OPERATING NOISE FIGURE 1/13/94'
1 .2K. 'PAGE I') *N

WR ITE (1. 20)5B3 .-

20 FORMAT(IX. 'SCENARIO: ',l1K.A6S. 1K)
WRITEC 1. 23)C3

25 FORMAT(llX.A40)
35 FORMAT(IIX,A40/)

WRITE(1. 25)D3
WRITEC 1.25)E3 'w
WR ITE ( 1, 25) F3
WR ITE (1, 35) G3

75 FORMAT(5FI0.4)
100 FORMAT(&F1O. 4)

READ(3. 75)FMHZ. 3.TC. TM, TN ~~
READ (3# 100)FO. RN. GN'O. ONO, REZOR. DR

C ********************WRITE INPUT VAR IABLES*****************

WRITE (1,200)
200 FORMAT(24X. 'INPUT VARIADLES. TAULE 1 '/)

WRITEC 1.225)
225 FORMAT(IX. 'FREQUENCY')

WRITE( 1.300)FMHZ, 3
300 FORMAT(IX, '1 FMHZ- ',ElO.4. ' (MHZ)'. 1K, '2 3- '.E10.4.' (HZ)'/)

WRITE (1.305) *

305 FORMAT(lXIX'TEMPERATURE')
WRITE( 1.325)TC. TM

325 FORMAT(IX. '3 TCm- EIO .,' (DEG Kl'.16X-
5 '4 TM- ',ElO.4' (DEG K)') *

WRITE(i. 330)TN
330 FORMAT(1X, '5 TN- '#EIO.4. ' (DEG K)'/)

WRITEC 1.335)
335 FORMAT(lX. 'ANTENNA')

C
C *.****************CALCULATE FMEAN( (F>)*******************
C -~~

TO-2. SSE+2
KI. 3SE-23
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II B. Files

SONF.F"IN is the FORTRAN source code file. The input and output

files are SCNF.DAT and SONF.OT, respectively. By typing

>RUN SONF (cr>

input data will be read fromn SONF.Iwr and output data will be

written to SONF.CUT.

Each time SONF is executed, successive version numbers of

SONF.OUT are created. These are accessed by specifying the desired

version number and will remain in the directory until they are

purged.

SCNF.FMh, the FORTRAN source code file; SCN~F.LIST, the FORTRAN

listing file; and SONF.TSK have been stored on a backup tape under

the label SONF using the DEC utility copy. The following sequence

of ccimands allow files to be read from~ the backup tape:

>ALLOC MSO: (cr>

MC. MOU MSO: SCINF <cr>

>copy (cr>

>From: MSO: FILENAME, FILETYPE <cr>

MI: DRO: (200,2441 <cr>

>DIS t&SO:

<Cr>: carriage return ~
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TABLE 11-4
NumericalJ. -

NmrclValues, Input Variables (cont.)

ALGEBRAIC o, A
NO. SYMBOL NUMERICAL VALUES UNITS

7.6 + 0.01.79 (f M-20), 20-48 MHz business .

8.1 - 0.44 (f -48), 48-102 MHz ae

24 D ~~6.5 + 0.021 (f ~-20), 20-48 MiHz rsdnild

24 0.13 resdenia -2)d0-BM~ ua

18+ 0.024 (fH48,48-102 Mz ae

C L

* 4.93 + 0.079 ( MZ2) 20-48 MHz business

7.13 + 0.030 (f -48), 48-102 MHz1 area

25 0 ~aL4.65 - 0.024 (fM~z-20), 20-48 MHz reietild

3.98 - 0.023 (f~-4) 48-102 MHz) are

4.53 - 0.046 (f IHz- 2 0 ), 20-48 MHz rural

3.23 - 0.0109 (f~z-48), 48-102 MHz) re
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TABLE 11-4 -

Numerical Values, Input Variables (cont.)

ALGEBRAIC
NO. SYMBOL NUMERICAL VALUES UNITS 4" .

17 Re(zor) 50 ohms

2 .6 ( i ) 1 / 2  !' :. .

18 Im(zor) 1.25 X 102 - 2o65(f -1/2 ohms

o A.

E-3 1/2 -6
S019 r 1.68 X 10 (f Mz )  + 8.0 X 10 f MHz nepers/m .

E

20 ar 3.18 X 102 fz nepers/m

21 dr 10

67.2 - 27.7 lOglo fNHZ' rural areas

22 (Fa 72.5 - 27.7 logl0 fMz. residential areas dB

* 176.8 27.7 lOglo fMiz' business areas

~6 P

* © 10.5 + 0.093 (f -20), 20-48 MHz business
* *MHz bsns

o 13.1 - 0.022 (f -48), 48-102 .1H area
- 4 MHz "

C 23 10.6 + 0.061 (f M- 2 0 ), 20-48 M1Hz idtl

23 DuFa, t  12.3 + 0.0037 (f az-48), 48-102 14zj area dB

7.8 - 0.089 (f14f-20), 20-48 M1Hz rural

5.3 + 0.096 (f -48), 48-102 MH, ara.
MHz..-.
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TABLE 11-4

Numerical Values, Input Variables (cont.)

-- ALGEBRAIC NUEIA ALE NT
NO. SYMBOL NMRCLVLE NT2 3/2 :'4.6 X 10 /f,,Mz with matching network .

9 rm,r ohms

0, no matching network

3.0 X 104/f with matching network

10 X ohms "S t

0, no matching network

o~R~ 10 +m r + r machn nerk( Re(zr)/(rar +rcr +rmr +rsr)1/,

S i a with matching network

1E, no matching network

0.25, with matching network

12 r ohms

, without matching network

13 f 5.0

IL
r 100 ohms
n

15 2.0 X10 mhos

15gno -

i 16 bno 0 ahos . -
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TABLE 11- 4

Numerical Values, Input Variables

ALGEBRAIC
NO. SYMBOL NUMERICAL VALUES UNITS

~N ~ 30, 50, 88 M<Hz

2 b 1.7 X 104 Hz

Ir2.88 X 102 deg K

22

5 t 2.88 X 10deg KC

-.3 4 ~~ / ohms 46 rc,r 1.3 0 VMHz

*-4 2 om
c 7 r 2.84 X10 fM ohms
* C ~a,r 11h

- -4

8 X ar -3.0 X 10 /fohms
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TABLE 11-24

CONSTANTS, SYSTEM OPERATING NOISE FIGURE

NO. SYGEBRAL CYOLTE DEFINITIONnos VALUE UNITS

1 trf TO referencenosteprtr 2.8X1dgK

2 k KBoltzmann's constant 1.38 X 102 Jfdeg K
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WRITE (1,883) LNR
893 FORMAT(1X. '15 LNR- '.E1O.4, -)/

WRITE( 1, 894)SFIIEAN
884 FORMAT(1X. '16 SFMEAN- '.E1O.4, - )/

WRXTE(1, 885)8FSTD, FSTD
885 FOR1lAT(IK. '17 SFSTD- '.EIO.4.1 '-)',IOX. '18 FSTD- ',EIO,4,

5 ' (dB)'/)
WRITE(i. 88&)FIIEAN. DFPIEAN

886 FORMAT(lX. '19 PIIEAN- '.EIO.4. ' (dD)'.13X,
5 '20 DFMEAN- '#ElO.4,. (dD),/)

WRITE(l1. S7)SDFEd, AN
887 FORMAT(lX.'21 SDFPIEAN- ',EIO.4,' (---)'.SX.

5 '22 NIIEAN- 1, El0. 4. (d~m)'/
WRITE(i. 890)NSTD

890 FORIIAT(lX, '23 N8TD- '#EIO.4. ' (dB)'/) ---

CLOSE(UNIT-1, DISP-'SAVE')
CLOSE (UN! T-3)
STOP
END
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APPENDIX III

PROJGRAM SONF INPUT PARAMETERS: VHF-FM RECEIVING SYSTEM4 WITH AN

ELECTRICALLY-SHORT MONO)POLE ANTENNA

CONTENTS

Section age

III A. Frequency Parameters: fMZ b 80

M~z,

III B. Ambient Temperature Parameters: t ~ t8

III C. Antenna Parameters: r anr xar rcr 8

III D. Impedance Matching Network Parameters: ra, rsr 89

III E. Receiver Parameters: f 0  ri n g n b no 96

III F. Transmission Line Parameters: Re(z ), TmAU ),of .8r, d10
or or r r r 0

III G. Man-made Envirornental Noise Parameters: Fa O0F 103
a~

References i
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III A. Frequency Parameters: f b -

Frequency, fMHz

:' -. 4'...",

The frequency band of interest is the VHF-FM band 30-88 MHz.

Particular frequencies of interest are 30, 50, and 88 MHz which

correspond on a lOg01  scale to the lower, middle, and upper

frequencies of the band.

Noise Power Effective Bandwidth, b

Ncminal bandwidth characteristics are:

* Channel spacing - 25 kI-z

Occupied bandwidth - 99 percent of the emitted spectral

camponents falls within a bandwidth of less than 19 kHz

IF bandwidth - 17 kHz, 3 dB bandwidth
'- -.. 4.'. ,.

The noise power effective bandwidth b is approximately equal to

the 3 dB IF bandwidth. Accordingly, b = 17 kHz. . .

K- .+ -'"o .

- ..-+. ,80

.". "6A. ... ......
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III B. Amnbient Temperature Parameters: t 1 t tn

The ambient temperatures t, tm and tn of the antenna, matching

network, and transmlission line, respectively, are normally not

appreciatively different fran the reference noise temperature tref=

288 deg K. The reference noise temperature t ref is set equal to 288 4

* deg K because measurements of man-made envirorimental noise are

* usually referred to a terminal noise temperature of 288 deg K.22

Accordingly, tc tm =tn =tref 
2 8 8 degK.

c~

r V 'r
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III C: Antenna Parameters: rar xCr rc~

Consider a cylindrical monopole antenna of height h and radius

a0 over an infinitely conducting ground plane of infinite extent

(see fig.(mI-l). Assume that the antenna geometry satisfies the

* following conditions:

<<~ 1 (electrically short) (III-la)

«w 0< 1 (electrically thin) (111 -1 b)

a /h << 1 (geometrically thin) (111-10)
0

This antenna is selected for consideration because its input

6 ..

impedance properties are well known. If there is no top loading,

then the current distribution I(z,t) is given by: h

* IW

(I sin( S(h - z)] cos wt. 0 < z < h

IUz't)
~I sin(B(h +e z)] cos wt, -h < z < 0 %s

1(0) (1 - )cos wt, 0 < z < hIh
1(O) (1 +) cos wit, -h < z < 0(1-)
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Figure III-1. Monopole over Groundplafle of Infinite Extent
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where .- "-.:- -

1(0) = I sin(Bh)
m:

xo 0 wavelength in free space

, E = relative permeability, permittivity, respectively, of ,.

homogeneous medium in which monopole is imbedded. , ,.

The input impedance equivalent circuit of the antenna and

its matching network is shown in fig. 2 of Section 2.

.~ :-.. -

Radiation Resistance, ra.r

The radiation resistance ra,r' with respect to the peak base

current 1(0), for a sinusoidal current waveform with a triangular ..

spatial distribution, is given by 
( 2 ) -

2P2
total .2r (i.)4

ar 12 (.r.'.

1(0) r

Er rr 0

3/2 1/2 2 2 (111-3)

- r r o
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Input Reactance, xa 'r

The input reactance xa , with respect to the peak base current
a ,r'

1(0), or conditions (IM-1), is given inconsistently in the literature .

by (3) (5)

x ~ F-h 0] 3 ojo L1 L
Xare Bh 7 lny( - ~ ~ eIa a~ 1] (111-4)

rr 0.. -' r:o

where the positive sign corresponds to References [31, [41 and the

negative sign corresponds to Reference [51.

The input series capacitance C corresponding to Eq. (Il-3) is

given by

C a~ .r VCO~ 0 I n (h_ + 1 .---'-''
a ,r

he r55.6 
er h 

-pf (111-5)

60 X 3 X 10 ln a + 1ln( ) + 1

The series capacitance C is approximately equal to the

quasi-static series capacitance of the antenna

Eq. (III-3) neglects the shunt capacitance between the antenna

and the ground plane. The shunt capacitance reduces the current b T"

delivered to the antenna and therefore reduces the power radiated by

the antenna.
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Ohmic Loss Resistance, rc,r

The ohmic loss resistance r ,for a current of sinusoidal

temporal waveform and triangular spatial distribution, is given

by PI) ,(8)

h

_2 ohmic I 2Rf 1(z) dz
1cr 2(0) i (0) 27ra

0h

S- 0 U ( -) dz
2 2 f1
1 (0) 2rra.

00

1/2
R.

where 46'1~e (1-6

Pohmic =time-averaged ohmic loss of antenna (watts)

1/2Rs= surface resistivity (ohms/square) (wlAy./C0 Xo GDCO

a =DC conductivity (mhos/meter)

r relative permeability of conductor(-

Co permittivity of free space (farads/meter)
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Numerical Example

Consider a monopole antenna whose parameters have the following

numnerical values:

h =10 inches 0.254 metersp

ao 0.714 inches 0.01814 meters

1r Cr

copper conductor (a~ 5.8 X 10 7mhos/meter,

R 2.61 X 10icf ohms).

For these numerical values, Eqs. (111-3) , (111-4), and (111-6) reduce to

r 2.84 X 10 -4 f 2  (ohms)(1-)
a,r MHz

4S
Xar -(2.97 X 10 ) 1 +038/

~3.0 X 10 /f (ohms)(1-)MHz

r :1.939 X 1 Mz(ohms)(1-)c,r z

The value h 10 inches corresponds to a VHF-FM antenna which

can be packaged inside a standard airborne blade configuration.

The value a =0.714 inches is chosen as that h/a = 14 and the
0 0

Ref. (5) parameter 2 2 ln (2h/a) 6.66. In Re f. [5], Q2 =7 i s
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m .- . -. .

the lowest value for which Eq. (6c) of Ref. [5) is evaluated. Lower

values of S2 correspond to fatter antennas and larger errors in the

application of Eq. (6c) to estimating monopole input reactance.
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III D. Impedance Matching Network Parameters: Xmr , rmr, a, rs, r

Reactance, x 2r.

The reactance of the inductive matching network should be

designed to be equal to the conjugate of that of the dipole antenna

input reactance x . Accordingly,
a,r ."..-L

-Xr with matching network

m,r.

0, no matching network

where L is the inductance of the matching network.

Coil Ohmic Loss Resistance, r
mr

Consider a single layer solenoid of n turns whose unwound-.

length is much less than a wavelength.

The inductance L is given pproximately by 
(9) -

2 2
L = n [d /(18d + 40t)] (mircohenries) (III-11)

where
* 0o

t length of solenoid axis (inches)

d = diameter of solenoid (inches)
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The unloaded quality factor Qm' for solenoids whose diameter is

sufficiently small so that its ohmic loss resistance is much larger

than the radiation loss resistance, is given approximately by *

% fi Ad f/2 "":"
Qm A d fMHz (111-12)

where

A = ordinate of Figure (111-2)

d = form (solenoid) diameter (inches)

f = frequency (MHz)

Eq. (111-12) includes induced e.m.f. proximity effects on ohmic loss.

The coefficient A is approximately proportional to the number of . -.

2
turns n because the stored energy is proportional to n and the

ohmic loss is proportional to n. The quality factor Qm is propor-

1/2
tional to (frequency) because the stored energy is proportional

1/2
to f and the ohmic loss is proportional to f

The coil ohmic loss resistance r is given by

Sr/Qm, with matching network

r (111-13)
m,r "

10, no matching network

where x is given by Eq. (II-10) and Q is given by Eq. (111-12).
m, r n

90
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Transformer turns ratio, a

Consider a low-loss transmission line of characteristic impedance

rz which is connected to the secondary of the ideal transformer of .

the antenna matching network. The voltage reflection coefficient

r at the transmission line is given by

ou o
r = or (111-14)
r-" r+ z
r- Zout or

where

2Zout a2[(rar + r + r + r + i(x + Xmr)]otar c,r m,r s,r ar)

For r r  0 and zort;-R e(zo , .
r or e or

Xm ~ x~a (111-15)

a [Re(Zor)/(ra,r + r + r + r (111-16)

In the absence of a matching network,

a1 (111-17)

Switch Ohmic Loss Resistance, r

. The ohmic loss resistance of the switch depends upon the number .

of series and parallel switches in the circuit and whether they are

located on the primary or secondary side of the ideal transformer.

If the series resistance of each switch is Rith, then for k

92 " '
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,.. I,: : ",,. " rus , .- u . . - ' - -. - . - - - - -% . .r, b .. - i rr r-- r.r , - w'n r m. - .. .. , . %- b

switches in parallel,

R s /k, k switches located on secondary side of
Sswitch ideal transformer

*r (s (111-18)
(R itch/ka ), k switches located on primary side of

ideal transformer.

where a is the transformer turns ratio.

Numerical Example

From Eq.(III-4) and Eq. (III-10).

3.0 X 10 w/f ith matching network (19

10 M~z ' ..

x ( I II- 19 ) ' d

0O, no matching network

Consider a single layer solenoid of diameter d - 0.5 inches and

length t. From Fig.(III-2), m of the solenoid increases with increas-

ingly values of Z/d and levels off for e/ds3.0. Let Z = 1.5 inches.

In Eq.(III-12) the coefficient A = 130 for t/d f 3.0. From Eq.(lII-M.),

Q 13X0.X MHz '5 Mz (111-20) .--. 7.%=13 X0 fl/2 65 fl/ 2  (I-0,../,,., '

At 30 MHz, m 356. A more exact formulation(0) gives 380.

93 '
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The inductance L is given by

____ _ 3.0 X1 4 /fi 4 .7 7 X 103
L m2r 6 2_______- (ph) (111-21)

2if2ff X 106 Iff
MHz MHz

At 30 MHz, L =5.3 pih. From Eq. (iii-il), the number of turns n is given

by n =! [L(18d + 40t)]" /2 - 38.2 turns at 30 MHz. This number of
d,

turns can be packaged in an axial length t = 1.5 inches so that the

conductor diameter is much larger than the skin depth. The ohmic

loss of the solenoid is given by Eq.(uI-13) to be

4.6 X 10 /f~2  with matching network

r =(111-22) 4

m,r C .

(0. no matching network

At 30 MHz, r 2.8 ohms.m,r 4'V

For a P-I-N diode switch (Unitrode Model UM7200, dc forwardAw

current bias of 100 ma), the series resistance Rwth 0.25 ohms.

For present purposes, assume that the switching network consists .

of a single switch which is located on the secondary side of the

transformer. From Eq.(m1-1), for k -1.

rs~ Rsic 0.25 ohms (111-23)

*4*The efficiency n, of the antenna with its matching and switching

networks, is given by
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r1

ra,r +c,ra m,r +s,r 1 rcr + r +ma

ra,r ra,r *

r (111-24)
1+ c,r s,r +a

r a,r QM

where, for impedance-matching conditions,

rr Ix mrI Ix arI _Q0

r _ r _ r -0

ra,r rar Qm rar Qm O-m

Q0= antenna quality factor aIx I/r
oa,r a,r

=matching network quality factor Ix I/

-At 30 MHz for the above example, r =0.25 ohms, r 1.05 X 10-3
a,r c,r

ohms, rr = 2.8ohms, r sr=0.25 ohms, Q=3.9X 103, and

Rn = 3.8 X 10. Accordingly,

=.0774 -- 11.1 dB (101-25)

The poor efficiency, given by Eq. (I11-25) , results mostly from ohmic

'a loss in the impedance-matching network. -
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IIE Receiver Noise Parameters: f, rn 9~0  b

The receiver noise factor fr for an arbitrary source admittanceA

f =f + n__ 2y ( + (111-26)0
r 0 R ( s no no

e s K
Minimum Noise Factor, f

0

IThe receiver noise factor f has a minimum value f when the
r 0

source admittance yB (looking back at the transmission line) is

Ys- n + Jbno. Assume that the receiver is designed to have a

gminimum noise factor f when YB = 20 X 10-3 mhos corresponding
0v YY*

to a source impedance za = 50 ohms. ~~
soj

The predetection noise equivalent power p at the input to the

receiver is given by

whrp iktieb fr (111-27)

n e
3~

ktref~ ~~~~ b~ fo sY 0x 0mo

wher

-PC
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ktrefb = reference noise power

1.38 X 10- 23 J/°K X 288 °K X 1.7 X 104 Hz 6.76 X 10-17 W.

(111-28)v

The receiver FM sensitivity is such that a signal generator,

with an output impedance z 0f= 50 ohms and an open-circuited rms signal

voltage v = 0.6 PV when placed at the input to the receiver, causes
oc

a post-detection audio output with (signal + noise)/noise

=10 dB for + 5 kHz FM deviation at 1 kHz. 'The corresponding

predetection (signal + noise)/noise =8 dB as shown in fig. (111-3)

(13)
for a modulation index m = 5 kHz/l kHz = 5 for a typical FM receiver

The predetection signal available power ps corresponding to

v f 0.6 pV is given by
r

ps= Vo/4Zs (6.0 X 0- 7 V)2 A4x5O) = 1.8 X 10-15 W (III-29l

The predetection noise equivalent power pn is related to ps by

10 log10  + : 8 dB (111-30)

Therefore,

IP_ I

w/5.3~-. -°. 3. 1 -11 - 1
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m =FM MDLT INDEX

0

.m=

/5-

U =

0 30

20

10

0 10 20 30 40

PREDETECTION SIN, dB

Figure 111-3. Detected SIN vs. Predetection S/N.
(After C.P. Walsh, "Frequency Modulation
Principles", Electro-Technology, January 1965)
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Subsituting Eqs. (111-28) and (111-31) into Eq. (111-27),

fo 3.4 x 10- 1 6 W/6.76 x 10- 1 7 W = 5.03 (111-32)

which corresponds to a receiver noise figure Fo = 10 logl0fo  = 7.0 dB.

Noise Parameter, rn

The rn noise parameter [see Eq. (III-26)J of a Collins VHF-186

receiver (whose AGC was deactivated) and also of a 3N211 MOSFET

transistor were measured by MITRE Corporation utilizing a diode

noise generator in cascade with a low-loss reactive network with

variable output impedance. The measured values were found to be

rn = 45 ohms and 67 ohms, respectively. The first RF stage of the

receiver consists of a 3N211 MOSFET preceded by a filter whose

insertion loss has the effect of increasing the minimum noise factor

of the receiver while decreasing the rn noise parameter. &.*"*

The numerical results of Section 3 were obtained by assuming N%

rn =100 ohms.
LN

Noise Parameters gno, bno

The receiver is conventionally designed to have a minimum noise

factor fo for a source admittance Ys  i/Re(zor) = 20 X 10- 3 mhos.

Therefore, from Eq. (111-26), .

gno =20 X 10~ mhos
(111-33)

bno =0 mhos
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III F Transmission Line Parameters: Re(zo), Im(zo)
or or,

a,' 8r'dr :,.,:.

The characteristic impedance zor and propagation constant yr

of a transmission line are given 
by(14 )

z = Re (zor) + j Im(zo) = [(R + jwL)/(G + jC) (111-34) ...

Y + jr = [(R + jwL) (G + jWC)1 / 2  (III-35)

where

R, L = series resistance, inductance per unit length respectively

G, C = shunt conductance, capacitance per unit length

repectively

w = 27rf radian frequency

RG - 58/U Coaxial Line

RG-58/U is a low-loss line (R/wL << 1, G/tC << 1) with a copper

conductor and polyethylene dielectric of dielectric constant

r = 2.3, dielectric loss factor F 5 X 10, and relative
r p

permeability pr 1.
(14)

For RG-58/U coaxial line, Eqs. (III-34) and (111-35) reduce to

1/2
Re (zor : (L/C) = 50 ohms (111-36) :-

100
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7-r w &(LC) 11  (E p / 3.18 X 102 f nepers/m

(111-37)

where 8-

c = /2=wave velocity in free space~z3 X 10 rn/s
0 0

r . [R(C/L)1 1  + G(L/C) 1 ' =r 2[ U +- a C+ ad ~-

-3 1/2 -6 (111-38)
=1.68 X 10 (f ) + 8.0 X 10 fM nepers/m

MHz z

where11/

-3 1/2

=1.68 X 10 -3(f 1/ nepers/m
14Hz

=1.05 X 1-2f F (F )1/2 -8.0 X 10-6 f nepers/m
MHz p r MHz

Im(z )/Re(z 1 Ga _ R
or or) OXC WL~ ad -c r

-6 -3 1/2
= 8.OX 10 fM~ - 1.68 X10 (fM~

MM~z

=2.X1 4 
-5.3 X102  1/ (111-39)= 2.5X 10(f )~

Im (z or= 1.25 X 102 2.65 Cf Mz 1/2 s (111-40)

101



.2 .wo

The nominal length d of the transmission line for installation -
r

of the receiver system in many aircrafts of interest are

d = 10 m (111-41)
r

10
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PROGHArl 3UN'- SfSTEM OPERATING NOISE FIGURE Run 2

SCENARIO MATCHING NETWORK
RESIDENTIAL AREA
FREQUENCY, 30MHz

10" MONOPOLE ANTENNA, 1 4 in [)IA

RECEIVER fo=5. "n 100 OHMS

RG-58/L COAXIAL LINE, 1OM LENGTH

INPUT VARIABLES, AI(LF. t

FRFOUENCY
I FMHZ= 0 3000E"02 (MHZ) 2 B- 0 1700E'05 (HZ)

TEMPURATURE

3 TC- 0 2880E+03 kDEG KA) 4 TM-' 0 2880OE+03 (DEV KA'

5 TN 0 2880E 03 (DEG K)

ANTE NNA

* RCR= 0 1062E-02 (OHMS) 7 RAR- 0 2556E+00 (OHMS)

8 XAH= - 1000E+04 (OHMS)

MATCHING NETWORK.
9 RMR= 0 2799E+01 (OHMS) 10 XMR- 0 1O00E+04 (OHMS)

1i A 0 3889E+01 ( 12 RSR' 0 ;?500E*O0 (OHMS)

RECEIVER NOISE
13 FO:" 0 5030E+01-(-..... 14 RN' 0 1000E 03 (OHMS)

15 GNO= 0 2000E-01 (MHOS) 16 BNO' 0 OOOE+O0 (MHOS)

TRANSMISSION LINE

17 REZOR= 0 5000E+02 (OHMS) 18 IMZORz - 4713E-00 (OHMS)

19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPEHSME.tERj

21 DR 0 IO00E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0 3158E+02 (dB) 23 DUFAI- 0 1121E-02 (dll)

24 DLFAT= 0 6710E+01 (dB) 25 FALSID 0 4410E+01 (dB)

CONSTANTS, TABLE P

1 TO- 0 2880E 03 (DEG K) 2 K= 0 13IJOE-22 (j/DEG K)

DERIVED VARIABLES TABLE 3

I W- - 131?E+03 (dBm) 2 ZOUT= (0 5000E+02 , 00(OO0*0) (OHM. ..

3 ZUR= (0 5000E+02 - 4713E 00) (OHMS)

4 REFLR
= 

'- 2218E-04 0 4713E-02)

5 GAMMAR= (0 9442E-02 0 9540E+00) (NEPERS/METER)

YS= (0 1996E-01 0 3633E-04) (MHOS)

7 YNO= (0 2000E-01 , 0 OOOOE 00) (MHOS) 8 FR 0 5030E+01 .......

9 FATSTD= 0 7080E+01 (dO) 10 FASTD- 0 8341E+0 (dii'

11 SIAMEAN= 0 9106E+04 (-. 12 SFASTD- 0 5686E+05

13 LCR= 0 1004E+0 1 - ) 14 LMR= 0 1288E+02 )-.-.-.)

15 LNR- 0 1208E+01 .-

16 SFMEAN- 0 9184E+04 - S 0

17 SFSTD- 0 5686E+05 .-. 18 FSTD= 0 8322E+01 (dB)

19 FMEAN= 0 3166E+02 (dB) 20 DFMEAN
= 

0 7276E-01 (dB)

21 SDFMEAN- 0 10o i , 22 NEAN= - IOOOE+03 .dBm)

23 NSTD- 0 9322E+01 (dB)

- 1- . •.
1 18 ..-:'' "
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PRaLAM S0(F SeSTE-M )F'ERATINC NOI F I n- 1 R. - Run I
'.(:ENARII MATCHING NETWOP)

BU'SINESS AREA
FREQUENCY. 3O!il *

10- MONOPOLE ANILNNA, 1 4 i, LILA
RECEIVER fo--

5
. r. --100 0)IM- ..

PG 5/BU COAXIAL LINE. IOM LENGTH

I 4)UT VARIABI.F , TA L[- l i

kE RO)uF NCv

l TMHZ= 0 3000E+02 tMHZ) ? B- 0 1I700E+0), H-

TEPIPEkATURE
3 rC- 0 2880E-03 (DEG K') 4 TM' 0 2BOE+03 kDEG KA)
5 TN 0 2810E+03 (DEG KA)

ANTENNA -.. 0.. ,, (OHMS
6 RCR= 0 1062E-02 (OHMS) 7 RAR- 0 2556E+00 (OHMS)
El XAR=- I0OOE+04 (OHMS)

MATCHING NETWORK 0"-.--- --
9 RMR= 0 2799E+01 (OHMS) 10 XMR= 0 IO00E+04 (OHMS)

II A- 0 3889E+01---------- 12 RSR 0 2500E+00 (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+01-----) 14 RN= 0. 1000E+03 (OHMS)
15 CNO= 0 2000E-01 (MHOS) 16 BNO= 0 00O0E+00 (MHOS)

1RANSMISSION LINE p
17 RE/OR= 0 500OE+02 (OHMS) IS IMZOR- - 4713E+00 (OHMS) -
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METLR.
21 DR 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 3588E+02 (dB) 23 DUFAT= 0 1143E+02 (d-.'
24 DLFAT= 0 7779E+01 (dB) 25 FALSTD=- 0 5720E+01 (dB)

CONSTANTS, TABLE .

I rO 0 28B0E403 (DEC KA) 2 K--- 0 1380E-22 d/:EG KA)

DERIVED VARIABLES, TABLE J

I W" - 131
7
E+03 (dBm) 2 ZOUTh (0 5000E402 , ) 0 000E+O() ((.IHM-- "

3 ZOR= (0 5000E+02 .- 4713E+00) (OHMS) - i

4 REFLR= (-- 2218E-04 , 0 4713E-02)( .. , ,-.

5 GAMMAR= (0 9442E-02 , 0 9540E*00) (NEPERS/METER)

6 YS (0 1996E-01 ,0 3633E-04) (MHOS)

7 YND= (0 2000E-01 , 0 OOOOE+00) (MHOS) 8 FR' 0 5030E+01 -- -.

9 FATSTD= 0 7553E+01 (dB) 10 FASTD= 0 9474E+01 (dl).

It SFAMEAN= 0 4186E+05 (--..... 12 SFASTD= 0 4501E+06 (-.....

13 LCR- 0 1004E+01 (-....) 14 LMR- 0 1288E+02 (-,-

15 LNR= 0 1208E+01 (-.

16 SFMEAN- 0 4194E+05 (-..--. I

)' SFSTD= 0 4501E+06 S 18 FSTD= 0 9471E+01 (dB)

MEAN- 0 3590E+02 (dB) 20 DFMEAN= 0 1602E-01 (dB)

21 SDFMFAN= 0 1002E+01 (-. 22 NMEAN= -9580E+02 (dBm)"

23 NSTD- 0 9471E+01 (dB)
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IV A. Receivinq Systemi with a Matching Network

TRANSMISSION LINE LENGTHI 10 m

Run 1 Business Area

Run 2 Residential Area 30 MHz

Run 3 Rural Area

Run 4 Business Area1

Run 5 Residential Area 50 MHz

Run 6 Rural Area

Run 7 Business Area *

Run 8 Residential Area 88 MHz

Run 9 Rural Area

116
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4. E. A. Wolff, "Antenna Analysis" (John Wiley & Sons, NY, 1966),
p. 47, Eq. (3.174). In Eq. (3.174) of Ref. [4], the reactance
is for a dipole with respect to the loop current Im. For a
monopole. one-half the value given by Eq. (3.174) should be
utilized. Applying conditions (III-1), dividing by 2, and
expressing the reactance with respect to the base current 1(0),
Eq. (3.174) reduces to the value of xa, r found from Ref. [31.
It should be noted that ai

2 22
-Ci(Sa 2 /h); - y + in(h/Ba ) for (h/Ba2) << 1.

5. R. W. P. King, "The Theory of Linear Antennas" (Harvard
University Press, Cambridge, MA, 1956). p. 184, Eq. (6c). In W
Eq. (6c) of Ref [51, the reactance X is for a dipole in free
space with respect to the base current 1(0). The reactance xa,r
is related to XO by

(X2 (r'e)1/2 - ~re)1/2 30 2 h~)2 212
(X 12) (Pr~)1 /e "

6.R=.AleL .ChadR (.rl )a11 30l tr-..agnt" nerg

Xa(P o/rC- [2 ln T -2 -2 ln2] ... _.;...

Tr\usinadRdain Jh ie os ao, 190)
p.58, Eq (10.69). 1_

--(r 60 "

6. R. B. Adler, L. J. Chu, and R. M. Fano, "lectromagnetic Energy
Transmission and Radiation" (John Wiley & Sons, NY, 1960),
p. 588, Eq. (10.69). . !

7. S. Ramo and J. R. Whinnery, "Fields and Waves in Modern Radio"- F'n_,_

(John Wiley & Sons, N.Y. 1953), p. 245, Eq. (1).

8. op. cit. 2, p. 563, Eq. (14-50)

9. ITr, "Reference Data for Radio Engineers (Howard W. Sams and
Co., Indianopolis, 5th edition, 1970) Chapter 6, pp. 6-1 to 6-4.

10. F. Terman, "Radio Engineers Handbook" (McGraw - Hill, N.Y.,
1943), p. 77-79.

11. H. A. Haus, et al, "IRE Standards on Methods of Measuring Noise
in Linear Two-Ports, 1959", Proc. of the IRE, Vol. 48, pp. 61-68,
January 1960.

12. H. A. Haus, et al, "Representation of Noise in Linear
Two-Ports", Proc. of the IRE, Vol. 48, p. 61-68, January 1960.

13. C. P. Walsh, "Frequency Modulation Principles" Electro-
Technology, January 1965. U i

14. op. cit. 9, Chapter 22. - . ,
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Int. Teleccwnnun. Union, Geneva, Switzerland, 1980. The

* ~temperature 288 deg K is conveniently chosen as a reference A I
-23

temperature because 10 logio(ktref) =10 10910 (1.38044 x 10)

J/deg K x 288 deg K) = -204.0059 dBj is approximately a whole
number.

2. E. C. Jordan and K. G. Balman, "Electromnagnetic Waves and
Radiating Systems" (Prentice-Hall, Englewood Cliffs, NJ, 1968)
p. 326. In Ref .[21 , j =

3. op. cit. 2, p. 547, Eq. (14-24). In Eq. (14-24) of Ref. [31, *-.

the reactance X is with respect to the loop current I- instead
of the base current 1(0). The reactance xa is related to X by

3 Xar X (Pr /Cr~ )12in-2(oh)

-- 15 Jsin(20h) 2Ci I' o(r)/ sin (Bh) (4hn ik.~

+ 2 Ci(20h) - Ci(J40h)] - cos(2Bh) [2Si(20h) -i4h

-2 Si (20h) 
r

1/2
15_ r + ' (2h SO -Y r + 2 2 lnC2Bh)

COh )2  Oa 4B]

y ln(4Bh)J [(20h) 40] 2(20h)I
1/2

-~~~ -() [B n ( 1+i conditions (IIn-i.ii1i

Oh (1
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TABLE 111-2

10 ...A

STANDARD DEVIATION a OF NOISE POWER LOCATION VARIABILITY OF
Fa,t f

HOURLY MEDIAN VALUES WITHIN SIMILAR CLASSIFICATION AREAS.*.

CLASSIFICATION 0O< f~ ~ 4 8 <MZ<12 9 .

AREA _________________

BUSINESS 4.93 + 0.079 (fM - 20) 7.13 + 0.030 ~HZ-48) ~*b

RESIDENTIAL 4.65 - 0.024 (f -20) 3.98 -0.023 (f ~ -48)
MM~z

RURAL 4.53 - 0.046 (fM~ -20) 3.23 - 0.0109 (f ~ -48)

MHZ *0
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Table III-1. Expected Variation of Median Values about Estimates
for Business, Residential, and Rural Locations.
(after Spaulding and Disney, 1974)

Standard Deviation, 0F (dB)
*Frequency aZt

in MHz Business Residential Rural ~ . ~.

0.25 6.12 3.54 3.89
0.5 8.21 4.28 4.40
1.0 2.33 2.52 7.13
2.5 9.14 8.06 8.02
5.0 6.08 5.54 7.74

10.0 4.15 2.91 4.03
20.0 4.93 4.65 4.53
48.0 7.13 3.98 3.23

102.0 8.76 2.73 3.82
250.0 3.77 2.87 2.26

.7.
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'D -J-I
3'

F-'-:- a-,',-F ' " .

a,Z

of antenna external noise figure, is given in table lll-i for business,

residential, and rural areas. TableIII-2 is a linear interpolation

of the values for a given in Table Inl-1.
FaF ,

D* p,F Dt,

The upper and lower deciles relative to median values, of time

variability of antenna external noise figure, are given in table 111-3

for business, residential, and rural areas. Table 111-4 is a linear

interpolation of the values for D and D at 20, 48, and
Iat a,t

102 MHz given in table 111-3.
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III G. Man-Made Environmental Noise Parameters:

<F >, D D Fyp,F a,t a, 
"

<F >
a

The expected value <F > (in dB) of the antenna external noise figure

for rural, residential, and bus-iness areas is plotted in fig. III-4.

These values are with respect to thermal noise at a temperature -'

trf 2880K and are for an electrically short vertical lossless

grounded monopole receiver antenna. The corresponding expressions -

are given by (15),(16),(17)

-27.7 logl 0f.z + 67.2, rural areas

<F > = -27.7 loglfM + 72.5, residential areas (111-42) "-)
-27.7 loglfz + 76.8, business areas

where

fMz frequency in MHz.

MI.z
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 3

SCENARIO MATCHING NETWORK
RURAL AREA 'Up

FREQUENCY, 30MHz

10"~~~~~~. MOOOE NENA .i I
RECEIVER f0 =5, rn=100 OHMS K.
RG-58/U COAXIAL LINE, 1OM LENGTH

INPUT VARIABLES, TAilE i

FREQUENCY .-
I 1 FMHZ= 0 3000E+02 (MHZ) 2 B

= 
0. 1700E+05 (HZ)

TEMPERATURE ,
3 TC- 0. 02880E+03 (DEC K) 4 TM= 0 2880E+03 (DEC K)
5 TN. 0. 2880E+03 (DEC K)

: .ANTENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (OHMS)
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK
9 RMR= 0 2799E+01 (OHMS) 10 XMR= 0. 1000E+04 (OHMS)

II A= 0 3889E+01 (-. 12 RSR- 0.2500E+00 (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+01 (-. 14 RN- 0 IO00E+03 (OHMS)
15 GNO= 0 2000E-01 (MHOS) 16 BNO= O.O000E+00 (MHOS)

TRANSMISSION LINE

17 REZOR= 0 5000E+02 (OHMS) 18 IMZORm -4713E+00 (OHMS) u.
19 ALPHAR= 0.9442E-02 (NEPERS/METER) 20 BETAR= 0.9540E+00 (NEPERS/METER.
21 DR- 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0.2628E+02 (dB) 23 DUFAT= 0 6910E+01 (dH)
24 DLFAT= 0 4180E+01 (dB) 25 FALSTD= 0 4070E+01 (dB)

CONSTANTS, TABLE 2 . --

I TO= 0 2880E+03 (DEG K) 2 K= 0 1380E-22 (J/DEG K)

DERIVED VARIABLESoTABLE 3

I W= -. 1317E+03 (dBm) 2 ZOUT= (0 5000E+02 , 0 000E+00) (OHMS)

3 ZOR= (0 5000E+02 , - 4713E+00) (OHMS)

4 REFLR= (- 2218E-04 0 4713E-02) (-

5 GAMMAR= (0. 9442E-02 , 0 9540E+00) (NEPERS/METER) ..

6 YS= (0 1996E-01 . 03633E-04) (MHOS)'4

7 YNO= (0 2000E-01 O. OOOOE+00) (MHOS) 8 FR- 0 5030E+01 (-.....)

9 FATSTD= 0 4379E+01 (dB) 10 FASTD= 0 5979E+01 (dB)

11 SFAMEAN- 0. 1096E+04 (-) 12 SFASTD= 0 2606E+04 (-.....) .... o

13 LCR- 0 1004E+01 (1) 14 LMR= 0 12SSE+02 .. ) -

15 LNR, 0. 1208E+01 (-)

16 SFMEAN- 0 1174E+04 (--)

17 SFSTD" 0 2606E+04 (IS) 19 FSTD= 0. 5794E.01 (dB) ". 14

19 FMEAN- 0.2683E+02 (d0) 20 DFMEAN, 0.5466E+00 (diB)

21 SDFMEAN" 0. 1071E+01 (--) 22 NMEAN" - 1049E+03 (dBm) .

NSTD" 0.5794E+01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 4

SCENARIO MATCHING NETWORK
BUSINESS AREA
FREQUENCY, 50MHz

10" MONOPOLE ANTENNA, 1.4 in DIA
RECEIVER fo = 5 , r. =100 OHMS
RO-SS/U COAXIAL LINE, IOM LENGTH

INPUT VARIABLES, TABLE 1

FREOUENCY
I FMHZ= 0 5000E+02 (MHZ) 2 B= 0 1700E+05 (HZ)

T EMPERATURE
3 TC= 0 2880E+03 (DEG K) 4 TM= 0 2880E+03 (DEG K)

5 TN= 0 2880E+03 (DEG K)

ANT1FNNA
6 RCR= 0 1371E-02 (OHMS) 7 RAR= 0 7100E+00 (OHMS)

8 XAR- - 6000E+03 (OHMS)

MATCHING NETWORK
9 RMR- 0 1301E+01 (OHMS) 10 XMR= 0 6000E+03 (OHMS)

11 A 0 4701E+01 (1) (2 RSR= 0.2500E+00 (OHMS)

RECEIVER NOISE
13 FO= 0 5030E+01 (-. 14 RN- 0 I000E+03 (OHMS)
15 GNO= 0 2000E-01 (MHOS) 16 BNO= 0 OOOE+00 (MHOS)

TRANSMISSION LINE
17 REZOR- 0 5000E+02 (OHMS) 19 IMZOR= - 3623E+00 (OHMS)
19 ALPHAR= 0 1228E-01 (NEPERS/METER) 20 BETAR- 0 1590E+01 (NEPERS/METER)
21 DRr 0 IOOOE+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0.2974E+02 (dB) 23 DUFAT= 0 1306E+02 (dB)
24 DLFAT- 0 7220E+01 (dB) 25 FALS7D= 0 7190E+01 (dB)

CONSTANTS, TABLE 2

I TO- 0 2880E+03 (DEG K) 2 K- 0 1380E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

I W= - 1317E+03 (dBm) 2 ZOUT= (0 5000E+02 , 0 OOOOE.0) (OHMS'

3 ZOR= (0 5000E 02 - 3623E+00) (OHMS)

4 REFLR- (-- 1312E-04 0 3623E-02) (-

5 GAMMAR- (0 122SE-O1 0 1590E+01) (NEPERS/METER)

6 YS= (0 1996E-01 0 O,3957E-04) (MHOS) -. ,\ '

7 YNO- (0 2000E-01 , 0 OOOOE+O0) (MHOS) 8 FR- 0 5030E 01 ( .'

9 FATSTD= 0 8039E+01 (dB) 10 FASTD: 0 1078E+02 (dB) %, ,,

j 11 SFAMEAN= 0.2056E+05 (-) 12 SFASIDw 0 4484E 06 ( .

13 LCR- 0 1002E+O ( 14 LMR 0 31OE+01 .... ,w,

15 LNR- 0 127.E+ .

16 SFMEAN- 0 2058E+05 (-

17 SFSTD- 0 4484E+06 (-) 18 FSTD= 0 1078E+02 (dB) ,*.

19 FMEAN- 0.2975E+02 (dB) 20 DFMEAN= 0 8228E-02 l) ,.dB.

21 SDFMEAN 0. 1001E+01 (-. 22 NMEAN- - 1020E+03 (dBm) _,_.

23 NSTD 0 1079E+02 (dB)
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PROCRArI SONF SYSTEM OPERATING NOISE FIGURE Run 5
£(CENARIO MATCHING NETWORK

RESIDENTIAL. AREA
FREQUENCY, 50MHz

10" MONOPOLE ANTENNA, 1. 4 in. DIA. p N
RECEIVER f,=5, rn O-100 OHMS

RG-58/U COAXIAL LINE, lOM LENGTH

INPUT VARIABLES, TATLE I - "

FRGUENCY
I FMHZ= 0 5000E+02 (MHZ) 2 B: 0 1700E+05 (HZI .

TEMPERATURE

3 TC7 0 2880E+03 (DEG K) 4 TM.- 0.2880E+03 (DEC K)
5 tN- 0 2880E+03 (DEG K)

ANTLNNA
6 RCR= 0 1371E-02 (OHMS) 7 RARW- 0 7100E+O0 (OHMS)

S XAR= - &OOOE+O3 (OHMS)

MATCHI NG NETWORK
RMR= 0 1301E+01 (OHMS) 10 XMR= 0 6000E+03 (OHMS)

11 A, 0 4
7
01E+01 (----)12 RSR-= 0 2500E+00 (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+O1 (-) 14 RN= 0. IOOOE+03 (OHMS)
I5 GNO= 0 2000E-01 (MHOS) 16 BNO= 0 O000E+00 (MHOS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR= - 3623E+00 (OHMS)
19 ALPHAR= 0 1228E-01 (NEPERS/METER) 20 BETAR

= 
0 1590E+01 (NEPERS/MEIER)

21 DR- 0 1000E+02 (METERS)

ENVIRONMENTAL NO I SE
22 FAMEAN= 0 2544E+02 (dB) 23 DUFAT= 0 1231E+02 (dBi)
24 DLFAT= 0 7016E+01 (dB) 25 FALSID= 0 3934E+01 (dB)

CONSTANTS, TADBLE 2

I ro= 0 2880E+03 (DEG K) 2 K= 0. 13HOE--2P (J/DEG K)

DERIVED VARIABLES, TABLE 3

I W:- - 1317E+03 (dfm) 2 ZOUTh (0 5000E+02 0000O00) (OHM. , '

3 ZORo (0 5000E+02 -3623E+0) (OHMS)

4 REFLR= (- 1312E-04 , 0 3623E-02)

5 GAMMAR= (0 122BE-01 , 0 159OE4-01) (NEPERS/MErER) N .

6 YS' (0 1996E-01 , 0 3957E-04) (MHOS) ,

7 YNO= (0. 20OOE-01 , O.O00OE O0) (MHOS) 8 FR - 0.5030E401 (.-

9 FATSTD= 0 7650E01 (dB) 10 FASTDr 0 8603E+01 (dB)

11 SFAMEAN= 0 2488E+04 (--...) 12 SFASlD.% 0 1752E+05 ( . )

13 LCR= 0 1002E+01 (-) 14 LMR= 0 3180E+01 '--...)

15 LNR- 0 1278E+01 (-

16 SFMEAN= 0 2507E+04 I-....) m .

17 SFSTD- 0 1752E 05 (-) 18 FSTD- 0 8586E+01 (dB)

19 FMEAN= 0 2551E+02 (dB) 20 DFMEAN- 0.6710E-01 (dB)

21 SDFMEAN- 0. 100E01 (-.) 22 NMEAN=- 1062E+03 (dfm)

23 NSJO- 0 856E+0i (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 6
SCENARIO MATCHING NETWORK

RURAL AREA
FREUENCY, 50MHz
I" MONOPOLE ANTENNA, 1 4 in DIA .
RECEIVER fo=5, rn='OO OHMS - , -RG-56/U COAXIAL LINE, IOM LENGTH "

INPUT VARIABLES, TAjlI E 1

FRE" U F W.Y y:

IFMHZ- C 5000E+02 (MHZ) 2 B- 0 1700E-O5 (HZ)
TFMP[-NAT' )RE

3 TC -O 2880E+03 (DEG K ) 4 TM;- 0 L'BOE-O3 (DEG K)
5 N- ,M0 2800E+03 (DEG K)(H

ANI!L NNA "

1 RCR
= 

0 13712-02 OHMS) I RART 0 7100E+O0 (OHMS)
8 XAR

= 
- 600E+03 (OHMS) (M,

MAT( I I1N0 NETWORK '%
9 RMR= 6 1301E*01 (OHMS) 10 XMR= 0 6OOOE*+03 (OHMS)

2 A- 0 40E+01 12 RSR- 0 2500E+00 (OHMS)

RECEIVER Ni I SENOIS .%
13 FO- 0 5030E+01 ... )14 RN= A 000E+03 (OHMS) .
15 GNO= 0 2000E-01 (MHOS) 26 BNO= 0 O000E+O0 (MHOS)

TRANSMISSION LINET g
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR:-- 3623E*0O0 OHMS
19 At.PHAR= 0 I228E-01 (NEPERS/METER) 20 BETAR= 0 15970E+01 (NFPF'RSiME'TF'R)
21 DR- 0 1000E 02 (METERS) .',. %'

ENV IRONM ENTAL NO ISE" -""2

24 OLFAT= 0 1848E+01 (dB) 295 FAL.STD: 0 3208E ,01 (dli) ,',,J

CONSTANTS, TABLE ;2 '/.' °

1 T0 0 2880E+03 (DEG K) 2 K- 0 138OE-22 (J/DEG K)

DERIVED VARIABLES, TABLE - -

I W- - 12;'E+03 IdBn) 2 ZOUT= (0 50OOE02 0 0000E-00) (O)4M5" ,

3 ZoR- tO 50O0E02 - 3623E+0O) (OHMS)

4 REVLR= (-- 1312E-04 ,0 3623E-02) '-p

5 GAMMAR. (0 1228E-01 , 0 1590E+01) (NEPERS/METER)

6 YS= (0 1996E-O1 ,0.3937E-04) (MHOS)

7 YNO- '0 2000E-01 ,0 OOOOE+0O) (MHOS) 8 FR- 0 503OE401 ...

9 FATSTD= 0 2993E+01 (dB) 10 FASTD= 0 4387E*0) (dB) - - .

it SFAMEAN- 0 1720E+03 (-. 12 SFASTD- 0 2291E+03 ( 1 tC.

%-..
13 [CR' 0 1002E+01 1 )14 LMN= 0 3180E+01 4 --- %

13 LNRt 0 1278E+01 (-

16 SfMEAN- 0 1915E+03 -. -. )

17 SFSTD= 0 2291E+03 I - 19 FSTO= 0 4094E+01 (diBl 4,,

19 FMEAN- 0 2089E02 (dB) 20 DFMEAN= 0 7527E#-00 (dl)

21 SUFMEAN- 0 1113E+01 .. ) 22 NMEAN- -. 1108E+03 (dBm) '--

I NSID- 0 4094E+01 (dB) 1 N

1-2.,. ..' .
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 7 i J
.- C E-AR -0 MATCHING NETWORK

BUSINESS AREA. -

FREGUENCY, 88MHz
" , I0ll" MONOPOLE ANTI-NNA, 1 4 i.n DIA .
' J RECEIVER fo =5. r. =100 OHMS 0'''
w1.. ~ ~~~~R-58/U- COAXIAL LINE, IOM LENGTH' :''-"

'.
.• i

wq ~~~INPUt VARIABLES, TALE I ''' -

7m ~I FrIH(Z= 0' R800E+02 (MHZ) 2 B
= 

0 1700E+05 (HZ) ..-' ., ,

1EMPEATURE ."ST-PRTGNIEFUEun

" 3 rC- 0 288,OE+03 (DEG K) 4 TM1 0 2880E+03 (DEG K),.-....

. ~~TN 0 2880E+03 (DEG K) ...... :,,

ANrCMNI t'A
6. R FLR= 0 l19E-O2 (OHMS) 7 RAR-' 0 2199E#-01 (OHMS)9 XAR - 3409E+03 (OHMS) -

MAT( MAT HING NETWORK

._% 9 RMR= 0 5572E+00 (OHMS) 10 XMR.: 0 '3409E 03 (OHMS) ",
N11 A 0 407"+01 AE2 RSR= 0.2500E00 (OHMS)

RECEIVER NOISE
13 FO 0 5030E+01 (M. 14 RN 0 IO00E+03 (OHMS)

--,,15 GNO= 0 2000IT-01 (MHOS) 16 BNO=" 0 O000E O0 (MHOS)

At"

TRANTSMISSION LINE * .
1, REZOR - 0 5000E+02 (OHMS) 10 IMZOR= -2700E+00 (OHMS)

19 ALPHAR= 0 I146E-01 (NEPERS/METER) 20 BEAR= 0.2798E+01 (NPERS/MEATEO)"HM

21 DR 0 IO0E+02 (METERS)

SENVIRONMENTAL NOIE

22 FAMEAN= 0 2294E+02 (dB) 23 DUFAT= 0 1222E+02 (dl)
24 DLFAT= - 9500E+01 (dB) 25 FALSD 0 330E+01 (dP)

* F RE~3ZOR- 0c 5000E+02 27OHMS) 0 18(MORHMS)+O(OMS

* ~ ~~~~ GAPAR= (0 1646E-01 NPR/EER 0BTR 0 2798E+01) (NEPES/ME/METE.. -

6 21 DR 0 20E-01 (METERS) (MOS

72 YAN= C) 2OE-1 4 OOE+0 ( HO) 23 DFAT- 0 5030L+01 83

94 DFATT= -- 522E+01 (d) 20 FASTO 0 983E+01 (d))

~CONSTANIS. TABLE 2

I F-- 0 2 551E+03 (DEC K) 2 K= 0 329E (/DE K)

"-' ~DERIVED VARIABLES, TABLE 3 .. ,

I W= - 1317E+03 (Im) 2 ZOUT (0 5000E+02 000JOO 'U(1MS:

15 LR= 5000E+02 ,- 700E+O0) (OHMS)

4 REFLR= - 7251E-05 , 0 2700E-02)---.....--

I GAMMAR= (0 164E-01 0 1798+01) (NEPERS/METER) d

bYS 0 2004E-01 , .4324E-04) (MHOS)

7 YNO= (0 2000E-0I 0 000E+00) IMNOS) B FR= 0 50305+01 (- ....

9 FATSTD= 0 522E+01 (dB) 10 FASTD= 0 983E+01 (dB)

4 il SFAMEAN= 0 2551E 04 (-.. 12I SFAST'D. 0 3298E.05 (--- -(

S1] LCH= 0 IO01E OI (-.. 14 LMR= 0 1367E+01 (-......

15 LNR= 0 1390E+01 ..-. ) _

16 SFMEAH, 0 2559+04 (----.- -,.3.. '-

,'. I SFSTD= 0 3298E+05 (-.. 18 FSTD= 0 98255+01 (do) " '.

"-.FMEAN= 0 2;297E.02 (dO) 20 DFMEAN' 0. 2903E-01 (dB)

.I SDFMEAN= 0 1003E+01 ... 22 NMEAN - 1087E+03 (dBm)

23 NSTD- 0 992'5E+01 tdfi)
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PROGRAM SON) SY~STEM' OPERATING NOISE FIGURE Run 8
S" FNAR 10 MATCHING NETWORK

RFSIDENTIAL AREA
FREOUENCY, 88MHz *'

10o MONOPOLE ANTENNA. 1 4 in DIA

INU TNIALE; TA't 280.C (IK

AN rTI- 1414A
6 NLR= ^, 1I9F.-OZ2 tOHMS, 7 RAR oi 2199t.CjI iOHMS)
14 xiAN' 3409E-03 (OHMS)

MAT' ((ING NIiWORK
9 RMP= . 15572F+00 (OHMS) 10 XMR- 0 3409F+03 (OHMS)

11 A- 0 40-!E.01 ---- )12 RSR 0 2500E+00 'OHlMq,

* RECEIVER P4OISL
13 FO- 0 5030E+01 1--- 4 RN- 0 1006E.03 (OH4MS)

15~ GN3= 0 Zloooc-ol (MHOS) 16 BN0O" 0 00OF00 (MH)

rRANSMIS5ION LINE

1 7 REZOR, 0 50OOE-02 (OHMS) 18 IMZOR1 2700F+O0 (OHMS)
19 ALPHAP= ' 1646E-01 (NEPERS/METER) 20 RETAR- 0 2'798F+01 fNFPERSMFrt)
21 OR 0 I'300E-02 (METERS) 1
EN.'I HNMENTAL NO ISE
22 FAMEAN= 0 1864E+02 (dB) 23 DUFAT' 0 124,E O2 fdNj
Z14 0LVAr 0' 5420E+01 (dB) 25 FALSTD) 0 )060E401 (do)

CONSTANTS, TAULE 2 -I

I Frl- 0 2880E+403 (DEG K) 2 K-~ 0 IHOE-22 1,0EUFG K)

DERIVED VARIAL.ES.TABLE :3

I W - 13]'E+OJ (aBf) 2 ZOUT= 1O 5000E+02 0 0000Oo0 (OHMSi)

3 ZUR- i0 50OEOE.2 2700E40cfl (OHMS)

4 RFFLR= - 7251E-05 0 1?700E 02) ' I4

5 GAMMAR. (0 1646E-01 0 27,?BE+OI) (NEPE.RS,'METFR( .

6 YS- '0 2004E-01 0 4324E-04) ((*HOS)

7 YNO- (0 2000E-01 0 OOOOE.OO- (MHOS) 8 FR 0 5O-3)F.oI -

9 FATSID- 0 7173E+01l (dBl) 10 FASTO- 0 7799E.U1 'dli) ~.
it SFAMEAN- 0 3664E+03 -112 SFASTD- 0 1800E+04

13 LCR. 0 IOOIE+O1 -I14 LFIH 0. 136?E*ol f -. ) '=
15 LNNH 0 1390E+0I1.---

16 SFMEAN- 0 3750E+03(---

17 SFSTD- 0 1800E+04 IS 1 FSTD- 0 7145F~ot (dB)

9 FMEAN- 0 1983E+02 (dB) 20 OFMEAN- 0 1966E+00 (dB)

21 SD)FMEAN- 0 1023E+01 22 N34EAN'- L129E.03 (dilm)

23 NSD- 0 7745E+01 (dill
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 9
SCENARIO. MATCHING NETWORK,

RURAL AREA
FREQUENCY, S8MHz

10" MONOPOLE ANTENNA, 1 4 in DIA
*""'. RECEIVER fo=5, 1n=00 OHMS

RG-58/U COAXIAL LINE, 1OM LENGTH

INPUT VARIABLES. TAIrLE I ' . -

* FREQUENCY
I FMHZ= 0 8800E+02 (MHZ) 2 B. 0 170OE.05 (Hi4

TEMPERATURE
3 TC- 0 2880E+03 (DEC K) 4 TM- 0 28860E-03 (DL(; )K
5 TN 0 2B8OE+03 (DEG K)

ANILNNA 1 '
6 RCR= 0 1819E-02 (OHMS) 7 RART 0 2199E 01 (OHM);-
8 XAR= - 3409E+03 (OHMS)

MATCHING NETWORK,
9 RMR= 0. 5572E-00 (OHMS) 10 XMR-: 0 3409E+03 (OHMS)

11 A- 0 4077E+01 2) 12 RSR= 0 ;2500E.C.0 (OHMS)

RECEIVER NOISE
13 FO= 0 5030E+01 L-. 14 RN- 0 I0,OE-';7 (OHMS)
15 GNO= 0 20OOE-01 (MHOS) 16 BNO= 0 OOOOE+O0 MHOS)

TRANSMISSION LINE i
17 REZOR= 0 5000E+02 (OHMS) Is IMZOR' 2.'-00LOc- Jig-IMSi
19 ALPHAR

= 
0 1646E-01 (NEPERS/METER) 20 BETAR- 1) 2.'9.0tI 0-HFRS'Mf

- 
fEr

21 DR- 0 I00E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN- 0 1334E+02 (dB) 23 DUFAT ( '140E.Oj (,.II
24 DLFAT= 0 2760E+01 (dB) 25 FALID." 0 2-7Q4F "m ,l)

CONSTANTS, TABLE 2

I TO= 0 2880E+03 (DEG K) 2 K 0 I3OF -= .... :(; 1.

DERIVED VARIABLES, TABLE. '3

I W - 131 7E+03 (dBm) ZOUT (0 50h #01 1 OU a Cl '0 ( 1M'm

3 ZOR= (0 5000E+02 , - 2700E+00) (OHMS)

4 RFFLR= i- 7251E-05 0 2700E-02) (-)

5 GAMMAR- (0 1646E-01 , 0 2798E+01) (NEPERS/METER.

6 YS=- (0 2004E-01 ,0.4324E-04) (HOS)

7 YNO= (0 2000E-01 , 0 O000E+0O) (MHOS) 8 FR 0 5UJ0E1)
"

.

9 FATSTD- 0 4885E+O1 (dB) 10 FASTD: U 5628E-Ul (d,-

11 SFAMEAN- 0 4993E+02 I- 12 SFASTD- 0 1043E*03

13 LCR- 0 1001E-01 .. ) 14 LMR= 0 t1,.1671.r+t

15 LNR- 0 1390E+01 I-

16 SFMEAN- 0 5850E+02 .. )

17 SFSTD- 0 1043E+03 ) 18 FSTD- 0 5193E-01 (dfl)

19 FMEAN, 0 1457E+02 (dB) 20 DFMEAN 0 1'29F.01 (,I1

21 SDFMEAN- 0 1I7E+01 2 22 NMEAN= - 1171E.UL 4dRn)

23 NSTD, 0 5193E+01 (dg)
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IV B. Receiving system without a Matching Netwrk

S ~TRANSMISSION~ LINE LENGTHi 10 mP.-

Run 10 Business Area

Run 11 Residential Area 30 MHz

Run 12 Rural Area

Run 13 Business Area

Run 14 Residential Area ~50 MHz

Run 15 Rural Area

Run 16 Business Area

Run 17 Residential Area j88 MHz

Run 18 Rural Area
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PROGRAM SONF SYSTEM OPERATING NOISE FIOJRE & 10
SCENARIO NO MATCHING NETWORK.

BUSINESS AREA

FREQUENCY, 3OMHi
10" MONOPOLE ANTENNA, 1 4 in PJll
RECEIVER f,=5, r,-100 OHMS "-
RG-5/U COAXIAL LINE, IOM LEN(.TH %

INPUT VARIABLES, rtAeLE -

FREO')FNC'
I FMHZ= 0 3000E*02 (MHZ) B- 0 171 10F-.05 l(- I

TEMPFIkATURE -,;7
3 TCI 0 288OE 03 tDEG K) 4 IM 0 2180E.03 DEG
5 IN= 0 28OE 03 tDEG K) -

ANIENNA - - -'
6 RCR= 0 1062E-02 (OHMS) 7 RAR- 0 5b+(iHtiU)
8 XAR- - 1000E+04 'OHMS)

MARCHING NETWORK-.
9 RMR= 0 OOOOE+O0 (OHMS) tO XMR- 0 (0O.)0Lf 0 (utIMS,

it A 0 1000E01 NOS2 RSR- 0 0Q"'"-)OE"00 OHMS!

RECEIVER NOISE
13 FO- 0 5030E+01 (1) 14 RN' 0 LOE1+03 (OHME
15 GNO

= 
0 2000E-OI (MHOS) 16 BNO 0 O000EO0 (MHOS,

TRANSMISSION LINE
17 REZOR- 0 5000E+02 (OHMS) Is IM oH- 4,I:u+(.O (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BEIAR- 0 9540[E+00 (NERvF,,/MEfHt,
21 DR- 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 3588E+02 (dB) 23 DUKAl-O 114,)itjuz dil'-
24 DLFAT= 0 7779E*01 (dB) 2" FALSTD 0 5?-E-Ot (dIl)

CONSTANTS, TABLE ;2

I TO- 0 2880E+03 (DEG K) 2 K= 0 L:M.uF-2 ' jI)FC I"

DERIVED VARIABLES. IABLE :3

I W' - 1317E+03 (dBm) 2 ZOUT- (0 tb7E'.0Q toOOE. (4:.) '014M,%

3 ZCW4 (0 5000E+02 , - 4713E 00) (OHMS)

4 REFLR- (0 9941E+00, - 9965E-01) ( ..... ).

5 QAMMAR= (0 9442E-02 0 9540E-100) (NEPERS/MET(NR)

6 YS=- (0 1913E-02 , 0.3321E-02) IMHOSI S.

7 YNO= (0 2000E-01 0 OOOOE+O0) (MHOS) B FR fl 2271F+0.- 1 t.o.

9 FATSTD- 0 7553E+01 (d) 10 FASTDO 0 9474F.+)0 (d1'-

It SFAMEAN- 0.4186E+05 1) 2 SFASID 0 45o0- 0 e

13 LCR- 0 204#E+.02I------ 14 LMR- 0) 100t0)'L'.1

-5LR 0 7348E+04 - .

16 SFMEAN- O.2094E+06 (-

17 SFSTD 0 4501E+06 IS FSTD. 0 5706 E+O1 td&?

19 FMEAN- 0 4946E+02 (dB) 20 DFMEAN= 0 1358E+02 (dB)

21 SDFMEAN- 0 5003E 01 I .--- 22 NMEAN' - H224E+0;o (dom, -

23 NSTD- 0 5706E+01 B) . -
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run I11
SCENARIO NO MATCHING NETWORK

RESIDENTIAL AREA
FREQUENCY. 3OI1H4
10" MONOPOLE ANTENNA, 1 4 in (MIA ,..

RECEIVER fo=5. rn=O() OHMS
RG-58/U COAXIAL LINE, IOM LENGTH

iNPUT VARIABLES. TAB3LE

FREQ(*NCY
I FMHZ= 0 3000E+02 (MHZ) .2 B- 0 1700E-05 (H-'

T EMP ER A TURE
3 rC - o 2i860E.3 (DEG m? 4 T11 0 ;2890E - 0. bF GV
5 TN- 0 2880E+03 (DEG 1A)

ANTENNA
* RCR= 0 1062E--02 (OHMS) 7 RHN- 0) 2t6 uO (IHMI-.
* XAR- - IOOOE-04 (OHMS)

MATCHING NETWORK t
9 RMR= 0 OOOOE.00 (OHMS) 10 XMR- 0 00)10[,k'0 .M
It A 0 1000E.-01 1- 1 RSR 0 ))u00f.-CO (0HMS

RECEIVER NOISE
13 FO= 0 5030E+01 ---- 14 RN 0 IO00E0o3 'HV
15 GNO= 0 2000E-01 (MHOS) 16 BNO- 0 000CE-00 (MH(:(~i)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZDR- - 4713E-O0 (UI-IM ,,
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BFrAR 0 '9540L'00 NPR/fH
21 DR7 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE
22 PAMEAN= 0 315eEi-02 'dB) 23 DUFAT 0 1121E-o2 dll)
24 DLFAT= 0 6710E+01 (dB) -71 PAt 510 0 4410E.0)l kdtl

CONSTANTS.-TABLE J

I 10=- 0 28e0E-03 (DEG K) 2 K, 0 1 JUIv-.'t.2 !-F.

DERIVED VARIABLES. TAFILE Ij

I W-- - 1317E+03 (dBm) 2 ?OUT= (0 ,?').','(-.0t .0'Ev 'ihill-.

3 ZOR= (0 500E+02 -4713E*00( (OHMS) *
4 REPLR- (0 9941E+00 9965E-01') -

5 GAMMAR= (0 9442E-02 .0 9540E+00) (NEPERS/MEIIH?

6 YS=- (0 1913E-02 *0.3321E-02) (MHOS)

7 YNO- (0,2000E-0I , .OOOOE.0O) (MHOS) 8 Fkz 0I 2*11/0"'

9 FATS7D= 0 7080E+01 (dB) 10 PAS7D 0 0341E-uI (I)

11 SFAMEAN- 0 9106E+04 -1 12 SPASTO- 0 5b86E.)',

13 LCR- 0 1004E+01 1- 4 LMR'. o tlu1i0 )---

15 LNR- 0 7348E.04 I 1'. '.

16 SFMEAN- 0 1766E+06 -3 3
17 SFSTD- 0 5686E+05 ( 1118 FSID- 0 1.364U401 (dB)

19 FMEAN- 0 5226E+02 d418 20 DFM1EAN=' 0 ;l067E+02 (dBl)

21 SDFMEAN- 0 1940E+02 -I 22 NMEAN=-- 7945E+02 (dBm' '

23 NSTD- 0 1364E+01 (dB)

128

Ow- .*



PROGRAM SOF SYSTEM OPERATING NOISE FIG)RE Run 12

SCENARIO NO MATCHING NETWORK
RURAL AREA

FREQUENCY, 3(MHz

1011 MONOPOLE ANTENNA, 1 4 in I)JA

RECEIVER f, -5. rn IO() OHM. .

RG-58/U COAXIAL LINE, .OM LENGTH

INPUl VAHIABI-Eb. l ABLE I

F REQUENCY
I FMHZ= ,-) 30DOE+02 ((,-HZ) J rl o 171"k.'7 ",

TEMPERATURE
3 TC- 0 2680E+03 (DEG K'u 4 TM 0 NlSS~t* J'II. v

5 TN- 0 2:980E.03 (DEG K)(

ANTLNNA

6 NCR= 0 1062E-02 (OHMS) RAR 0 .( *bl )HM!_

a XAR= - IOOOE+04 (OHMS)

MAT(HING NETWORK-
9 RMR= 0 OOOOE+O0 (OHMS) 10 XMR - 0 0),UL'O0 'UHII'-

11 A 0 1000E-+01 - II Z' RSH -, 0-/(O,Q+r ((4I

RECEIVER NOISE

13 FO- 0 5030EOl (-1 (4 RN- 0 |O0IJF.,i (JHM*.-

15 GNO= 0 20ODE-01 (MHOS) Iec BNO 0 0(.oE+ O MHO,'."

TRANSMISSION LINE

17 REZOR= 0 5000E+02 (OHMS) 18 IMZ0R" - 471JF+06 OIFIM
.

19 ALPHAR
= 

0 9442E-02 (NEPERS/METER) 20 BElAR 0 54OL*0O NFP(R'FS/Mf ll(.

21 DR- 0 IO00OE02 (METERS)

ENVI ONMENIAL NOISE

22 FAMEAN= 0 2628E+02 (dB) 23 DUFAL- .- 10E40( k)H-

24 DLFAT= 0 4180E+01 (dB) 25 FALO(I) 0 40?CiE-.0) li

(:ONSTANIS. TADLE"

1 Tom- 0 2080E'+03 (DEG K) 2 K- 0 L111.) .i(..

DERIVED VAR[ABLES, IARL .

I w- - 1317E+03 (dBm) 2 ZOUT- 0 1.011F.1'' , 1U0 *c4' ,,1HM" . . ,

3 ZOR= (0 50O0E+02 - 4713E+00) (OHM)

4 REFLR= (O 9941E+00 - 9965E-0I)

5 GAMMAR: (0 9442E-02 0 9540E+00) (NEFIS/frlt-. ,

6 YS-- (0 1913E-02 , 0 3321E-02) (MHOS)

7 YNO" (0 2000E-0I - 0 OOOE+0) (MHOS) 8 FR'

9 FATSTD= 0 4379E+01 (dB) 10 FAST- 0 ?., d, -. *.
11 SFAMEAN- 0 1096E+04 (-. 12 SFAST ) ' +0e,)))4 "-

13 LCR= 0 1004E+0l 1 14 LMR- 0 I000()I

15 LNR 0 7348E+04 .-. - -
'

I SFMEAN- 0 1686E+06 ( . )

17 SFSTD- 0 2606E*04 ... 18 FSTD" 0 6/.12l)-)t (dIl-

19 FMEAN- 0 5227E+02 (dB) 20 DFMEAN-- 0 2599F+0 ndh -.

21 SDFMEAN- 0. 1538E+03 (--. 22 NMEAN - 7943E+02 (dBm)

23 NSTD" 0 6712E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 13
SCENARIO NO MATCHING NETWORK

BUSINESS AREA
FREQUENCY, 5OMH,
10" MONOPOLE ANTENNA, 1 4 in L)IA
RECEIVER f,=5, =100 OHMS
RG-58/U COAXIAL LINE, 10M LENGTH

INPUT VARIABLES, TABILEI1

FREOLIFNCY
I FMHZ= 0 5000E402 (MHZ) 2 8= U 1700F-ou' oHZ'

TEMPERATURE A
3 TC, 0 2880E+03 (DEG K) 4 TM - 0 2880E -0 DE r;
5 TN- 0 2880E4-03 (DEG K)?. .-

ANTENNA
6 RCR= 0 1371E-02 (OHMS) 7 RAW-- 0) 710uv-0C0 '(lHtlS!
8 XAR= - 6000E+03 (OHMS)

MATCHING NETWORK -l
9 RMR- 0 OOOOE+00 (OHMS) 10 XMP.- 0 0000E.400 tOHMS(

11 A: 0 1000E+01(- 12 RSR-: 0 OOOOE-0CO (OHMS)

RECEIVER NOISE
13 FO= 0 5030E+01(--- 14 RN= 0 1000E+03 (OHMS
15 GNO- 0 20O0E-01 (MHOS) 16 BNO- 0 OOOOE.00 (MHOJS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 16 IMZOR% l&2AE+00 (OHMS)
19 ALPHAR- 0 122eE-O1 (NEPERS/METER) 20 BETAR= 0 1590F+01 tNE.'ERS/ME (ER
21 DR- 0 IOOOE-02 (METERS)

ENVIRONMENTAL NOISE
22 FA?4EAN- 0 2974E4-02 (dB) 23 DUFAT- 0) 1 i0hF-( 02 dl
24 DLFATs 0 7220E+01 (dB) 25 FALSID- 0 !190E 01 IUD)

CONSTANTS.TABLE

I TO= 0 2880E+03 (DEG K) 2 K= 0 LiJL2 J/)KG K)-

DERIVED VARIABLES TABLE. :J 3.

IW' -- 1317E+03 (dBm) 2 ZOUT-( t 14.0. 01E '3' i OH'.

3 ZURw (0 5000E+02 -3623E+00) (OHMS)

4 REFLR= (0 9848E+00 1653E+00) 1---

5 QAMMAR= (0 1228E-01 0 1590E+01) tNEPERS/METI) F

6 YS- (0 2610E-02 *0.5574E-02) (MHOS)

7 YNO= (0 2000E-01 0 OOOOE+00) (MHOS) 8 FR- 0 1((F+v2

9 FATSTO= 0.8039E+01 (dB) 10 FAS70- 0 1I0/6E4k 2 (d0-

11 SFAMEAN- 0.2056E+05 -)12 EFASTP 0 44H4E.-06

13 LCR- 0 1002E+OI -)14 LMR= 0 1000-*0I

15 LNR- 0 1257E+04 (

16 SFMEAN- 0 4299E+05 (------

17 SFSTD- 0.4484E+06 1-8I FSTD= 0 9414L+01 IdBl f -

19 FMEAN- 0 3613E+02 (dB)l 20 DFMEANz 0 6392E+01 (dB)

21 SDFMEAN- 0.2091E+01 (22 NPIEAN - 9557E+02 (dBm(

23 NSTD- 0 9414E+01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 14 . 6

SCENARIO NO MATCHING NETWOR, ..

RESIDENTIAL AREA
FREQUENCY, 50MHz
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo5, n -100 OHMS, .
RG-58/U COAXIAL LINE, 1OM LEN(GI'

INPUT VAR1ABL.ES. TALLE I

FREOUE NC'
I FMHZ= 0 5000E+02 (MHZ) 2 IB ( 700.+;)r (HI

1 EMPENATURE .",.
3 TC= 0 28OE+03 (DEG K) 4 IM 0 ,-uOL.( ()- F'." - - -

5 IN- 0 28SOE-03 (DEG K')

ANTENNA
* RCR= 0 1371E-02 (UHMS) RAIt 0 .).0F-C LM,
S XAN= - bOOOE 03 (OHMS)

MArt.HING NETWORK~
9 RMR= 0 OOOOE+0 (OHMS) to XMp 0 00('E. . ]HNE' * ,_J

11 A 0 1001CE+01 . RSR. 0 ( ,1 *00 ' . ."

RECEIVER NOISE
13 FO- 0 5030E+O1 (t..... (4 RN , IUc'j" 'L(HMS..
15 GNO= 0 200OE-01 (MHOS) 1& BNI:)- 0 ()L-oF+( 

' 
MHIIO7,

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR - 3623.--0

• 
U"HhG .

19 ALPHAR- 0 1228E-01 (NEPERS/MEIER) ;10 BETAR= 0 t9.F 11'I NrFPURS/Mt t)' L* *
21 DR 0 ,000E+02 (METERS)

ENVIIONMENTAL NOISE
22 FAMEAN= 0 2544E+02 B 2( -13 DUFA-,2 >2 <((' T..-
24 DLFAT= 0 7016E-01 (dB) 2', FALSID 0 1934E-01 dl.-

CONSTANTS, TABILE .

I TO 0 2880E+03 (DEG K) 2 K 2 ,-:- (

DERIVED VARIABLES, IABLI"

I W= - 1317E+03 (dBm) 2 ZOUT t)0 1 14 K ,',0 +., ,ir'

3 Z')H= (o 5000E+02 , "- 3623E-O() "OHMS)-'

4 REFLR= (0 9848E 00 , - 1653EF-00) . . "

5 GAMMAR= 0 1228E-01 0 1590Et01 (NEPFRS/Mi I'

6 YS
= 

(0 2610E-02 . 0 5574E-021 (MHOS)

7 YNO
= 

(0 2000E-01 , 0 OOOOE+O0) (MHOS) l -P 
0

' 11--,

9 FATSTD= 0 765OE+01 (dB) 10 FASTU U)J,- I

11 SFAMEAN= O.2488E+04 (-. 12 SFASTU - o I ,-

13 LCR- 0 1002E+01(- 14 t.MR: 0 1006f

15 LNR= 0 I257E 04 --..

16 SFMEAN= 0 2492E+05 .-

17 SFSTD= 0 1752E+05 ... 18 FSTD" 0 275h1.-0 "Ip

19 FMEAN- 0 43O9E+O2 (dB) 20 DFMEAN= ( t '.-SF'
: 

,d .- Ir.

21 SDFMEAN- 0 10IO1E02 22 NMEAN- - f361E+C.,.L ,d,"

23 NSTD- 0 2753E+01 (dB) "' "" "".*.".-
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PROGRAM SONF SYSTEM OPERATING NOISE F-I(GRE Run 15
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY. 5OMH.
10" MONOPOLE ANTENNA, 1 4 in DI)A
RECEIVER f,=5. rn=:100 OHMS .%%
RG-58/U COAXIAL LINE, IOM LENGTH

INPUT VARIABLES TAfIt E I

FRE'lUENCY
I FMHZ> 0 5000E+02 (MHZ) .2 Ii 0 I Ol-' ,-

TMPERAlUR.E
3 TC 0 2GOE+03 (DEG $) 4 TM 0 25HO j * ui . , "
5 TN 0 2880E+03 (DEG K)

ANTONNA
e RCR

=  
0 137IE-02 (OHMS) 7 RAt 0 (OH)M(- 0,* .. 1-W';,-

8 XARz - 6000E 03 (OHMS)

MAT( HING NETWORK
9 RMR= 0 00OOE00 (OHMS) [o XMH - 0 '000E +00 UHF'S'
II A-- 0 1000E+01 ( ...... ) I 2 R -S 0 )OOOE+00 (rf(H-IS

RECEIVER NOISE
13 FO- 0 5030E601 (-1 (4 RN' 0 iO00EE. (OHM!-,
15 GNO= 0 2000E-01 (MHOS) L6 GNU- 0 0001.00 (M)

TRANSMISSION LINE

17 REZOR= 0 50OOE-02 (OHMS) 18 IMZ/R- 32- '362 CHf.;
19 ALPHAR= 0 1228E-01 (NEPERS/MEIER' 20 BETrAR - 0 licF Oi (pi-Pt NS' -lt!

21 DR- 0 I00E+02 (METERS)

ENVIRONMENTAL NOISE I-" - .
22 FAMEAN= 0 2014E402 d8 2:3 DUI'A) 1C ' E4qL'F.31 (lj) .
24 DLFAT= 0 1848E+01 (dB) 2, FALSD- Q 12061 f:E , ,"

CONStANTS. TABLE 2

1 TO- 0 2880E+03 (DEC K) 2 K- 0 I 2.21: .22 .K.1 IA) KK

DERIVE) VARIABLES, TABLF 3

I W- - Il 7E-02 )dlrn) 2 ZOUT (-.) ))-t7 I. '-1tE . .I

3 Z)R= (0 5000E02 . - 3623E.0) (L1HMSF)

4 REFLR= (0 9848E 00 - 1653E(00) .

5 GAMMAR= (0 1228E-01 0 159OF +01 INEPERS'Mi Ith [

6 YS
= 

(0 2610E-02 , 0 5574E-02) (MHON( ,

7 YNO= (0 2000E-01 , 0 OOOOE-O0) (MHoS) 8 N ., ) ',1- C,

9 FATSTD= 0 2993E+01 (dB) I0 FAGID 0 4 3-.;'F, 1 1

11 SFAMEAN- 0 1720E+03 I-. 12 SFAS1 0 .

13 LCRt 0 1002E+01 .. ) 14 LMR= 0 1001 t

15 LNRt 0 1257E+04 (. ).-

16 SFMEAN= 0 2260E+05 .-

17 SFSTD= 0 2291E+03 (--) 18 FSID
= 

0 4402E-0I 1C,0 1i

19 FMEAN- 0 4354E+02 (dB) 20 DFMEAN-- 0 2340E6O0' Idl'

21 SDFMEAN- 0 1314E+03 ( 22 NMEAN- 8816? -.
' 
(dnli.)

23 NS70- 0 4402E-01 (dB).
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 28
SCENARIO NO MATCHINO NETWORK

RURAL AREA

FREQUENCY, 30MHz
10" MONOPOLE ANTENNA, I 4 in DIA
RECEIVER fo=5' rn =1OO OHMS
RG-5B/U COAXIAL LINE,

INPUT VARIABLES, TAPL.E I

FREOUENC Y
I FMHZ

= 
0 3000E+02 (MHZ) 2 B 0 1700E+05 H/)"

TEMPERATURE
3 TC- 0 2880E 03 (DEG K) 4 TM- 0 28HOE 03 ()-C K)"
5 TN: 0 2880E+03 (DEC K)

ANTENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR- 0 255bE+00 (UHMS)
8 XAH= - IOOOE+04 (OHMS)

MATCHING NETWORK
9 RMR= 0 OOOOE+00 (OHMS) 10 XMR 0 OOOOE+0O (OHMS)

11 A: 0 IOOOE+01 (O) J RSR- 0 00OE4O0 (OHMS'

RECEIVER NOISE
13 FO- 0 5030E+01 I-1 (4 RN:= 0 1O00EO3 (OHMS.
15 GNO= 0 200E-01 (MHOS) 16 BNO- 0 OOOE+O0 (MHOS)

TRANSMISSION LINE
17 REZORs 0 5000E+02 (OHMS) 18 IMZOR - 4713E 00 (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 q540F+00 (NFPERS/MEER)"
21 DR- 0 7000E+00 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT:- 0 691CFO 01 (diJ
24 DLFAT= 0 4180E+01 (dB) 2,5 FALSID-' 0 4070Ef01 (dDip

CONSTANTS, TABLE ?

i TO= 0 2080E+03 (DEG K) 2 K 0 13HOE-22 (.)/DE(; K-, .'%.

DERIVED VARIABLES, TABLE 3

I W- - 1317E+03 (dBm) 2 ZOUT-t (0 2567L+0O -100CF-t4) ((1HM'

3 ZOR= (0 5000E+02 , - 4713E+00) (OHMS' - .

4 RFFLR= (0 9941E+0O - 9965E-01 .

5 GAMMAR= (0 9442E-02 . 0 9540E+00) (NEPERS/ME[FR"

6 YS- (0 8536E-04 , 0 1746E-01) (MHOS)

7 YNO= (0 2000E-0I . 0 OOOE+0O0) (MHOS) 8 FR" 0 8I6)F+QA' -

9 FATSTD= 0 4379E+01 (dB) 10 FASTD: 0 5979F-01)) .dll)

11 SFAMEAN- 0 1096E+04 I-. 12 SFASTD. U 2606F*04 ( -- ,-

13 LCR
= 

0 1004E+0I (--. 14 LMR= 0 IUOOE+01.

15 LNR= 0 1937E+03 I--) .

16 SFMEAN= 0 1619E 06 .-

17 SFSTD- 0 2606E+04 I 18 FSTD- 0 6989E-01 (db

19 FMEAN- 0 5209E+02 (dB) 20 DFMEAN- 0 2581E+0;" (df.

21 SDFMEAN- 0 1477E+03 I-. 22 NMEAN: - 7961E+02 (dBn)

23 NSTD- 0 6989E-01 1dB)b
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 27
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY, 30MHz
10" MONOPOLE ANTENNA, 1 4 in DIA. " -

RECEIVER f0=5, rn-lO0 OHMS
RG-5B/U COAXIAL LINE, - -

INPUT VARIABLES, tABLE I

FREQ UNCY

I FMHZ= 0 3000E+02 (MHZ) 2 B- 0 1700E+05 (HZ) , ..

TEMPERATURE
3 TC- 0 2880E+03 (DEG K) 4 TM: 0 7880E+03 (DF K)
5 TNz 0 2880E+03 (DEG K)

ANTENNA
6 RCR- 0 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (OHMS)
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK T71
9 RMR= 0 OOOOE+0O (OHMS) 10 XMR 0 O0O0E+00 (OHMS)

11 A 0 I000E+01 ( 12 RSR 0 O00OE+0O (OHMS) . -

RECEIVER NOISE
13 FO= 0 5030E 01 (-) 14 RN-= 0 IO00E03 (OHMS,
15 GNO= 0 2000E-01 (MHOS) 16 BNO 0 O000E+O0 (MHOS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR7 - 4713E*00 (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BErARz 0 9940E+00 NF.PERS/METR

I

21 DR 0 6000E+00 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 2628E+02 (dB) 23 DUFATL 0 6910E-01 . dU)
24 DLFAT= 0 4180E+01 (dB) 25 FALSID= 0 4070E+01 (dB)

CONSTANTS TABLE 2

I TO= 0 2880E+03 (DEG K) 2 K. 3O-22 ("J/-EG 9)

DERIVED VARIABLES, TARLE 3

1 W -- 1317E403 (dBm) 2 ZOUT (0 5O7F()0 . (OO1-+f4 , HM.,

3 ZOR- (0 5000E+02 , - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 - 9965E-01) --.. )

5 GAMMAR= (0 9442E-02 , 0 9540E+001 (NEPERS/ME-TF"

b YS- (0 5099E-04 , 0 1435E-01) (MHOS)

7 YNO= (0 200E-0I . 0 OOOOE+00) (MHOS) 8 FR- 0 I18q*+04 ,

9 FATSTD- 0 4379E+01 (dB) 10 FASTDI 0 5q'9E- (01 ) - - --

11 SFAMEAN- 0 1096E+04 (-) 12 SFASTD- 0 2s0.e+,J4 t.- .

13 LCR= 0 1004E+01 (-.....()14 LMk- 0 1O00EO1 .

15 LNR- 0 1352E+03 .-

16 SFMEAN= 0 1626E+06 ...

17 SFSTD- 0 2606E+04 S 18 FSTD- 0 6962E-01 (d)"

19 FMEAN- 0 5211E+02 (dB) 20 DFMEAN= 0 2583E+02 (dB)

21 SDFMEAN 0. 1483E+03 (--) 22 NMEAN - 7959E*02 (dOm)

23 NSTD- 0 &,962E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 26
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY, 3OMHz
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER f~w5. rn=lOO OHMS
RC-58/U COAXIAL LINE,

INPUT VARIABLES. TABLE I

FREGUtrNCY
1 FMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700E+05 (HZ) - **

TEMPERATURE
3 TC= 0 2880E+03 (DEC K) 4 TM 0 2880E+03 (DEC K)
5 TN= 0 2880Ei.03 (DEC K) . '*,*

ANTENNA
6 RCRs 0 1062E-02 (OHMS) 7 RAR= 0.2556E+00 (OHMS) -l
8 XAR- - I000E+04 (OHMS)

MATCHING NETWORK
9 RMR- 0 OOOOE.O0 (OHMS) 10 XMR= 0 (OOOE+00 (OHMS)
11 A- 0 1000E+01(- 12 RSR= 0 OOOOE.-00 (OHMS) .-

RECEIVER NOISE -

13 FO= 0 5030E+01 -)14 RN= 0 IOOOE+03 (OHMS)
15 ONG- 0 20O0E-01 (MHOS) 16 BN0'- 0 OOOOE.O0 (MHOS)

TRANSMISSION LINE
17 REZOR- 0. SOOOE+02 (OHMS) 18 IMZOR:= 4713E+00 (OHMS)
19 ALPHAR- 0.9442E-02 (NEPERS/MEIER) 20 BETAR- 0 9540E+00 (NEPERS/ME [ER)
21 OR= 0.50O00E+00 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN- O.262eE+02 (dB) 23 DUFAT= 0 6910F+O) (dB)
24 DLFAT= 0 4180E+01 (d9) 25 FALS7D= 0 4070E+01 (dB)

CONSTANTS. TABLE 2

I TO-- 0.2880E+03 (DEC K) 2 K= 0 13O0E-22 )J/DEG K)

DERIVED VARIABLES TABLE 3

1 W= -. 1317E+03 (8dm) 2 ZOUT= (0 2567E+00 1000LO+t041 (OHMs,'

3 ZOW- (0 5000E+02 .- 4713E+00) (OHMS)

4 REFLR- (0 9941E+00 .- 9965E-01) -'

5 GAMMAR- (0. 9442E-02 .0 9540E+00) (NEPEFIS/MEVER)

6 YS- (0O2962E-04 , 0. 1164E-01) (MHOS)

7 VNO= (0 2000E-01 , 0.OOOOE+OO) (MHOS) 0 FR" 0 1809E+04 ---

9 FATSTD- 0,4379E+01 (dB) 10 FASTD - 0 5979E401 (dB)

11 SFAMEAN- 0. 1096E+04 -I12 SFASTD- 0 2606E+04 --

13 LCN- 0 1004E+01 -114 LMR= 0 IOOOE+01 (---

15 LNR= 0 8930E+02 -

16 SFMEAN- 0.1633E+06 I

17 SFSTD- 0 2606E+04 I--S1 FSTD- 0 6931E-01 (dB)

19 FMEAN- 0.52t3E+O2 (do) 20 DFMEAN~- 0 2585E.0p (dB)

21 SDFMEAN- 0.I1490E+03 I22 NMEAN - 7957E+02 (8dm)

23 NSTD- 0 6931E-O1 (d3)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 25
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY, 30MHz
10 . MONOPOLE ANTENNA, 1 4 in. DIA
RECEIVER: f =5, r~ =100 OHMS
RG-58/U COAXiIAL LANE,

INPUT VARIABLES, TABLE 1

F RE GUENC V

I FMHZ= 0 3000E+02 (MHZ) 2 Bz 0 1700E+05 (HZ)

TEMPERATURE
3 TC- 0 2es0E+03 (DEG K) 4 TM - 0 2880E+03 (DEG K)
5 TN- 0 2880E+03 (DEC K)

ANTENNA
* RCR= 0 1062E-02 (OHMS) 7 RAR= 0.2556E+00 (OHMS)
* XAR- - 1000E+04 (OHMS)

MATCH4ING NETWORK
9 RMR= 0. 0000E+0O (OHMS) 10 XMR= 0 OOOOE+00 (OHMS)
It A 0 1000E+01 - 112 RSR= 0 OOOOE+00 (OHMS)

RECEYVER NOISE
13 FO= 0,5030E+01 (------------14 RN= 0. 100E*03 (OHMS)
15 ONO- 0 2000E-01 (MHOS) 16 BNO"- 0. 000E+00 (MHOS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR=- - 4713E+00 (OHMS)
19 ALPHAR- 0.c9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/MEUER)
21 OR= 0 4000E+00 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN- 0.2628E+02 (dB) 23 DUFAT=; 0 6910E+01 (dli)
24 DI.FAT= 0 4180E+01 (dB)l 25 FALSTD= 0.4070E+01 (dB) -

CONSTANTS TABLE 2

1 TO- 0.2880E+03 (DEC K) 2 K= 0 13H40E-22 (j/DEG K)

DERIVED VARIABLES,TABLE 3

I W- - 1317E+03 (dilm) 2 ZOUT= (0 2567E+00 ,-IOOOE+04) (OHMS,

3 ZOR= (0 5000E+02 -4713E+00) (OHMS)

4 REFLR- (0 9941E+00 -9965E-01) (

5 GAMMAR- (0. 9442E-02 ,0. 9540E+00) (NEPERS/METER)

6 YS- (0 1644E-04 , 0.9210E-02) (MHOSI

7 YNO- (0 2000E-01 , 0 OOOOE+00) (MHOS) 13 FR- 0 2950E+04 (---

9 FATSTD- 0 4379E+01 (dB)l 10 FASTD~l 0 5979E+01 (dB)l

11 SFAMEAN- 0. 1096E+04 -)12 SFASTD= 0 2606E+04 I--),

13 LCR- 0.1004E+01 - 114 LMR= 0 1000E+01 -- )

15 LNR- 0. 5501E+02 C

16 SFMEAN- 0. 1640E+06 I------

17 SFSTD- 0.2606E+04 ( )18 FSTD= 0 6900E-01 (dill

19 FMEAN- 0. 5215E.02 (dB) 20 DFMEAN- 0. 2587E+02 (dB)

21 SDFMEAN- 0. 1496E+03 C- 1 22 NMEAN- -. 7955E+02 (d~m)

23 NSID- 0.6900E-01 (dil
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 24

SCENARIO NO MATCHING NETWORK
RURAL AREA
FREQUENCY, 30MHx

10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo =5, r n =10 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TADLE I

FREQUENCY
I FMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700F+05 (HZ) a-

I EMPERATURE 
.

"

3 TC= 0 2e8OE+03 (DEC K) 4 IM= 0 2880E-03 (DEG K-
5 TN-o 2880E+03 (DEC )- .

ANTENNA
* RCR= 0 1062E-02 (OHMS) 7 RAR= 0 2556E*00 (OHMS)
* XAR= -- 1000E+04 (OHMS)

MATCHING NETWORK
9 RMR= 0 OOOOE+00 (OHMS) 10 XMR- 0 OOOOE+O0 (OHMS)
11 A: 0 IO00E+01 (-. 12 RSR= 0 OOOOE+0O0 (OHMS)

RECEIVER NOISE
13 FO-- 0 5030E+01 (-) 14 RN= 0 IOOOE 03 (OHMS)
15 ONO= 0 20ODE-01 (MHOS) 16 BNO= 0 OOOOE+00 (MHOS)

TRANSMISSION LINE
17 REZOR- 0 5000E+02 (OHMS) 18 IMZOR= - 4713E 00 (UHMS) i.
19 ALPHAR- 0 9442E-02 (NEPERS/METER) 20 BErAR= 0 9540E+00 (NEPFRS/METERI
21 DR- 0 3OOOE+00 (METERS) * -;."' V
ENVIRONMENTAL NOISE
22 FAMEAN= 0 2628E 02 (dB) 23 DUFAT: 0 6910E+01 (db)
24 DLFAT- 0 4180E+01 (dB) 29 FALSTD= 0 4070E+01 (dB)

CONSTANTS, TABLE 2 " -

I TOr- 0 2880E+03 (DEC K) 2 K- 0 3130E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

I W! - 1317E+03 (dBm) 2 ZOUT- k0 2567E+00 1000L+04 -()HM;- -w

3 ZOR- (0 5000E+02 , -. 4713E+00) (OHMS)

4 REFLR- (0 9941E+00 , - 9965E-01) (-) ' - ,

5 GAMMAR- (0 9442E-02 0 9540E+00) (NEPERS/METER)

6 YS- (0 8530E-05 0 69SE-02) (MHOS)"'

7 YNO= (0. 2000E-01 0 OOOOE+00) (MHOS) 8 FR=. 0 5 .63E404

9 FATSTD
n 

0 4379E+01 (dB) 10 FASTD- 0 5979:..01 (dll' .

It SFAMEAN- 0, 1096E+04 1--) I2 SFASTD- 0 2606E*04 -- .

13 LCR- 0 1004E+01 (-. 14 LMR= 0 1000E+01 ( -- )

15 LNN- 0 3094E+02 (-)

16 SFMEAN- 0 1646E+06 (-

17 SFSTD- 0 2606E+04 (-) 18 FSTD= 0 6876E-O (dB) . -

19 FMEAN- 0 5216E+02 (d) 20 DFMEAN- 0 2588E+02 (dB)

21 SDFMEAN. 0 1502E+03 (--) 22 NMEAN- 7954E+02 (dlm) " -.- S."

23 NBTD- 0 6S76E-01 (dB)

1 2.. ..
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 2 3
SCENARIO NO MATC4ING NETWORK

RURAL AREA
FREQUENCY, 30MHz

10" MONOPOLE ANTENNA,,.1 4 in DIA
RECEIVER. f.5 r,= =0 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE I

I FMHZ- 0 30O0E4i02 (MHZ) 2 B: 0 1700F+05 (HZ)

TEMPEkATURE

3 TC - 0 2880E+03 (DEG K) 4 TM:-, 0 28830E+0j3 (DEG K) --

5 TN- 0 2880E+03 (DEG K)

ANTENNA
6RCR= 0 1062E-02 (OHMS) 7 RAR- 0 25568E+00 (OHMS)

8 XAR= - 10OOE+04 (OHMS)

MArcmiNG NETWORK
9 RMR- 0 OOOOE+00 (OHMS) 10 XMR' 0 00OOEfOO (OH-MS)%

N11 A:- 0 1000E+01 1- 2 RSR'- 0 OOOOE+O0 (OHMS)

RECEIVER NOISE
13 FO= 0 5030E+01 - )14 RN-- 0 LOOOE+03 (OHMS,

15 GNO. 0 2000E-01 (MHOS) 16 BNO= 0 OOOOE+0O (MHOS)

TRANSMISSION LINE

17 REZOR- 0 5000E.02 (OHMS) 18 IMZOR*" - 4713F+00 (OHMS)

19 ALPHAR= 0.9442E-02 (NEPERS/METER) 20 BETAR- 0 "540E+00 (NEPERS/MEIER) -

21 OH- 0 2000E+00 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT 0 6910E:.01 fd1)

24 DLFAT= 0 4180E+01 (dB) 27) FALSTD 0 4070E401 (dB)

CONSTANTS. TABLE 2

1 TO: 0 21380E+03 (DEG K) 2 K= 0 13(H0E-2L (,J/DEG K)

DERIVED VARIABLES TAI3LE 3

I W- - 1317E+03 (dBm) 2 ZaUTh (0 256'E.0 1000E+04) (OHMS,

3 ZnR= (0 5000E+02 ,-4713E+00) (OHMS) %*.

4 RFELR= (0 9941E+0 - 9963E-01)(---

5 GAMMAR- (0 9442E-02 0 9540E+00) (NEPERS/MkfER) ..

& VS= (0 3998E-05 0. 49L0E-02) (MHOS)

7 YNO- (0 20O0E-01 0 OOE+00) (MHOS) 8 FR- 0 1061F+05(

9 FATSTD= 0.4379E.o1 (dB) 10 FASTO'- 0 5779F.+U1 ld13,

11 SFAMEAN- 0.,1096E+04 - ) 12 SFASTD- 0) 2606E404 (--- .-

13 LCR~ 0 1004Ee+01 - 14 LMR- 0 IOOOE.-01 -

* 15 LNR- 0 1535E+02(- *
16 SFMEAN- 0 1646E+06 I

17 SFSTD- 0 2606E+04 C-- 1 FSTD- 0 687SE-01 (dB)

19 FMEAN- 0 5216E*02 (dB) 20 DFMEAN- 0 2588E+02 (dB)

21 SDFMEAN- 0 1501E+03 I22 NMEAN 7 954E+02 (d~m)

123 NSTD- 0 687SE-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 22 -

SCENARIO NO MATCHING NETWORK
RURAL AREA
FREQUENCY, 30MH7
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER f,=5, r,=100 OHMS

RG-58/U COAXIAL LINE,

INPUT VARIABLES TABLE 1

FREGUENC Y

1 FMHZ= 0 3000E+02 (MHZ) 2 Bft 0 1700E.O5 (HZ)

TEMPERATURE

3 TC= 0 2880E+03 (DEG K) 4 TM- 0 2880E+03 (DEG K) P

5 TN- 0 2880E+03 (DEG K) r -6

ANTENNA
b RCRS 0 1062E-02 (OHMS) 7 RAR.- 0 2556E+00 (OHMS) -, "

s XAR- - IOOOE+04 (OHMS)".

MATCHING NETWORK
9 RMR

= 
0 OOOOE+00 (OHMS) to XMR 0 O0O0E+O0 (OHMS)

11 Az- 0 1000E+01 (- ) 12 RSR' 0 OOOOE+O0 (OHMS)

RECEIVER NOISE
13 FOz 0 5030E+01 (- ) 14 RN, 0 OOE+03 (OHMS)

15 GNO- 0 2000E-01 (MHOS) i6 BNO= 0 O000E+00 (MHOS) fb

TRANSMISSION LINE -.

17 REZOR- 0 5000E+02 (OHMS) 19 IMZOPR: - 4713f+00 (OHMS)

19 ALPHAR- 0.9442E-02 (NEPERS/METER) 20 BETAR- 0 9540E+00 (NEPERS/MLThR'

21 OR; 0 100OE+OO (METERS)

ENVIRONMENTAL NOISE V -

22 FAMEAN- 0 2628E+02 (dB) 23 DUFAT:t 0 6910E+01 (dli)

24 DLFAT= 0 4180E+01 (dB) 25 FAL.SFD 0 4070E+01 (dB)

S CONSTANTS. TABLE 2

1 TO- 0 28eOE+03 (DEG K) 2 K- 0 130OE-22 (JIDEC K)

DERIVED VARIABLES, TABLE 3

1 W- - 1317E+03 (dBm) 2 ZOUT= (O ;?567E400 i0OE#04) (OHMS' - .

3 ZOR- (0 5000E+02 . - 4713E+00) (OHMS) 
f

4 REFLR= (0.9941E+00, - 9965E-01) .-

5 GAMMAR- (0 9442E-02, 0 9540E+00) (NEPERS/MEIER)

6 Ys- (0 1556E-05 , 0 2929E-02) (MHOS)

7 YNO- (0.2000E-01 , O. O000E+00) (MHOS) 8 FRr 0 2626E'05 I - - l w%,:

9 FATSTD 0.4379E+01 (dB) 10 FASTD:= 0 097E*+OL (dl).

11 SFAMEAN- 0 1096E+04 (- ) 12 SFASTD- 0 2606E*04 C --

13 LCR- 0 1004E+01 (- ) 14 LMR%" 0 1000E+01 C..-

15 LNft 0 6139E+01.... '*-

16 SFMEAN- 0 163O (-....E 06-

17 SFSTD- 0 2606E+04 .-. 18 FSTD
= 

0 6946E-01 (dBl - .

19 FMEAN- 0 5212E+02 (dB) 20 DFMEAN
= 

0 2584E+02 (dB)

21 SDFMEAN- 0. 147E+03 C. 22 NMEAN- 7958E+02 (d.m)
. ,".~ - --.-

23 NSTD" 0 6940E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 21
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY. 30MH,
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo=5, r.=100 OHMS
P0-58/U COAXIAL LINE,

INPUT VARIABLES, TAiJ F I

RREOUI-NCY
I FMHZ= 0 3000E+02 (MHZ) 2 BI- 0 170OE.05 (HZ) Y.-

TEMPERATURE
3 TC: 0 288OE403 (DEG K) 4 TM. 0 28B0E-03 (DEG M)l

5 TN 0 2880E+03 (DEG K.

ANTENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR- 0 2556E00 (('HMS' rt-
8 XAR- - 1000E+04 (OHMS)

MArcHING NETWORK
9 RMR= 0 O0OOE+0O (OHMS) to XMR: 0 O000E.O0 OHMS)

11 A- 0 10OOE+01 (-. 12 RSR-: 0 (O00E<o0 (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+01 (-. 14 RN- 0 tOOOE0.fl2 !IUMS)
15 GNO= 0 2000E-01 (MHOS) 16 BNO 0 O000E*O0 MHOS)

TRANSMISSION LINE "
17 REZOR- 0 5000E +02 (OHMS) 18 IMZOR' - 471.(E+00 OHMO,)
19 ALPHAR- 0 9442E-02 (NEPERS/METER) 20 BE TARr 0 9540E00 NEPFRS/Mf !*
21 DR 0 5000E-01 (METERS)

ENVIRONMENTAL NOISE " "."A
22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT - b"'lOtb i 0CJ)1. w (
24 DLFAT- 0 4180E+01 (dB) 2.5 FALSID

= 
0 407'0r401 (df]) %

CONSTANTS. TABLE 2 a-
I TO- 0 2880E+03 (DEG K) 2 K. 0 (3HOE-- i . .,-0 0.1

DERIVED VARIABLFS,TABLE 3 -

1 W-- - 1317E+03 (dBm) 2 ZOUT"t '0 25671,40O OO.,4 ,HM-.

3 Z.)R= (0 5000E+02 , - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 . - 9965E-01) --.. ) -Q,

5 GAMMAR- (0 9442E-02 . 0 9540E+00) (NEPERS/rlIkTLR)

6 YS= (0 8140E-06 - 1959E-02) (MHOS)

7 YNO= (0 2000E-O1 . 0 O000E0O) (MHOS) 8 FR-. 0 49tFft' 
"

9 FATSTD= 0 4379E+01 (dB) 10 FASTO- 0 5'9E-01 tdbj.

11 SFAMEAN- 0. 1096E+04 1-. 32 SFASTD 0 2606E+04 -..

13 LCRS 0 1004E+01 C----..) 14 LMR= 0 tOOOL+.01 .

15 LNR- 0 3212E+01 ( . '"I"

16 SFMEAN- 0 1611E+06 (--. -

17 SFSTD- 0 2606E.04 (-. 18 FSTD= 0 7025E-01 fdB) N\.t.\ ,-

19 FMEAN- 0 5207E+02 (dB) 20 DFMEAN- - 0 2579E+0;- (dS? .%,

21 SDFMEAN 0 1470E+03 2-. 22 NMEANm" - 7963E*02 (dl'm)-- .. .N.i

23 NSTD- 0. 7025E-01 (dB) m-12j _ 'L

139



PROGRAM SONF SYSTEM OPERATING NOISE FIGUJRE Run 20 .1

SCENARIO NO MATCHING NETWORK J

RURAL AREA
FREGUENCY, 30MHzu j
10" MONOPOLE ANTENNA, 1 4 in~ DIA ..
RECEIVER fo m5. r n10() OHMS%
RG-5B3/U COAXIAL L INE,

INPUT VARIABLES. TAILE I ~'
FREGUVNCY
I rMHZ- 0 3000E+02 (MHZ) 2 B - 0 1700E+05 (HZ)

TEMPERATURE.".
3 TC=- 0 2880E+03 (DEG K) 4 TM. 0 2880E+03 (DEG vs
5 TN 0 2690E+03 (DEG K)

ANTI-NNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR= 0 2556L-00 'OHMS.)
8 XAR-- IOOOE+:: (OHMS) M.0OcE0 OMS

13 FO= 0 5030E+l-------- 10 XR- 0 000E+00 (OHMS)
11 QNO 0 1000E01 (MO)12 R9N 0 OOOE+00 (OMS)

RANSISSI ONIE

17 REZOR= 0.5000E+02 (OHMS) 18 IMZOH*z - 4').(E.OO (OHMS)
19 ALPHAR- 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 954L400U (NrERS/ME-,
21 DR . 0 2000E-01 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN- 0.2628E+02 (dB) 23 DUFAI - 0 bqlOE.O1Q id1)
24 DLFAT- 0 4180E+01 (dB) 25 FALGSID 0 4070F0 (03l)

CONSTANTS. TABLE 2

1 TO= 0 2880E+03 (DEC K) 2 K= 0 IJHOE-22 (J/OE(; KI %

DERIVED VARIABLES. TABLE :3

1 W-- - 1317E+03 (dBm) 2 70UT= (0 05e'L'-00 )000t: +04 JHI(

3 ZOR- (0 5000E+02 -4713E+00) (OHMS)

4 REFLR= (0.9941E+00 - 9965E-01) *---

% 5~ GAMMAR- (0 9442E-02 0 9540C+00) (NEPER/mErF.-)

6 YS- (0 4642E-06 0. 1383E-02) (MHOS)

7 YNO- (0 2000E-01 *0 OOOOE+00 (MHOS) B Fk- 0 F36 YfK. --'5

9 FATSTD- 0.4379E+01 (dB) 10 FAS T 0 0 59 QE -C, (di)U

It SFAMEAN- 0. 1096E+04 -112 SFAS r) 0 e-OhC 0'4

13 LCR- 0 1004E.01 -)14 LMR- 0 tOOOE-01

15 LNR- 0 1820E+01(---

16 SFMEAN- 0 1594E+06 (

17 SFSTD- 0 2606E+04 -)18 FSTD= 0 7103E-01 (dB)

19 FMEAN- 0,5202E+02 (dg) 20 DFMEAN- C) r'574E+02 :dl)

21 SDFMEAN- 0. 1454E+03 ( 122 NMEAN= 7q68E+U2 (dBm)

S23 NSTD- 0 7103E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 19
SCENARIO NO MATCHING NETWORK...

RURAL AREA
,N1. FREQUENCY, 30MHx

10" MONOPOLE ANTENNA, 1 4 in VIA
RECEIVER fo-5, rn=lO0 OHMS

P0-58/U COAXI(AL LINE.,

INPUT VARIABLES, TA131.E L' .%,

FREOUENCY
I FMHZ= 0 3000E+02 (MHZ) 2 B0 0 1700OE*0 (HI)

TEMPERATURE
3 TC- 0 2880E+03 (DEG K) 4 TM 0 ?80E+03 (DEC K4) .L .".

,7 TN- 0 .BBOE+03 (DEC K)

ANTENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (UHM1)"
8 XAR- -- 1OOOE+04 (OHMS)

MAT(.HING NETWORK
9 RMR= 0 0000E400 (OHMS) 1O XMR' 0 O00,E.00 (OHMS'
11 A-

' 
0 IO00E+01 (-) (2 RSR:- ) OOOE000- (OHMS) -

RECEIVER NOISE
13 FO= 0 5030E+01 - 14 RN= 0 1000L+03 (OHMS)-
15 GNO= 0 200E-01 (MHOS) 16 BNU- 0 O0OOE+0 (MHOS_

TRANSMISSION LINE
17 RE7OR

= 
0.50OO0E02 tOHMS) 18 IMLOR-- - 4713E+00 (OHMS)

19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540L+00 (NEPERS/MFIERl
21 OR

= 
0 IOOOE-01 (METERS)

ENVIRONMENTAL NOISE , ,:-.,-.
22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT: 0 691O-01 (41) -. ,
24 DLFAT( 0 4180E+O0 (a) 25 FALSID- 0 4070E+01 (dl)- 4'

CONSTANTS. TABLE 2

I tO= 0 2880E+03 (DEG K) 2 K= 0 13VOE--'2 '.!DEG l.K

DERIVED VARIABLESTABLE 3

I W-- - 1317E+)3 (dflm) ;2 ZOUT= (0 2.100004 'OUMF-

3 ZOR- (0 5000E+02 , "- 4713E+00) (OHMS)

4 REFL.R- (0 9941E+00 - 996,5E-01) '--

5 GAMMAR- (0 9442E-02 , 0 9540E+00) (NEPFRS/MEERiP)

6 YS- (0 3584E-06 0 0. I19IE-02) (MHOS) ... '.,

7 YNO' (0 2000 -01 , 0 OOO0E+OO) (MHOS) 8 FR. 0 1 1.06

9 FATSTD= 0 4379E+01 (dB) 10 FASID' 0 5"'9F.'K)1 d1-

11 SFAMEAN, 0. 1096E+04 (-) 12 SFASTV- 0 ='bEA04 V - -

13 LCR= 0 1004E+01 (1....) (4 LMR- 0 10001-01 . .

t5 LNR, 0 1401E+01 1-----)

16 SMEAN- 0 1586E 06 ( .. '

* .
17 SFSTD- 0 2606E+04 18 I FSID- 0 1134F-ul tu

19 FfIEAN- 0 5200C+02 (dO) 20 DFEAN4 .)257.7E-002 AdDV ..

21 SDFMEAN- 0. 1447E+03 (-) 22 NMEAN-. - 7970E#(. (dBa

23 NS1D- 0 70 4E-01 (dB)
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IV. C Effect of Transmission Line Length on System Noise

No Matching Networks, Rural Area, 30 MHz

Run 19 Transmission Line Length - 0.01 m - 0.001A

~.~Run 20 - 0.02 m - 0.002A

Run 21 -0.05 m - 0.005? A

Run 22 - 0.1 m=-0.01A

Run 23 -0.2 m - 0.02N~

Run 24 - 0.3 m -0.03A

Run 25 -=0.4 m -0.04A

Run 26 - 0.5 m -0.05N

Run 27 - 0.6 m=-0.06N~

Run 28 -=0.7 mn - 0.07A

Run 29 - 0.8 m - 0.08A o

Run 30 - 0.9 min0.09A
Run 31 = 1.0 in - 0.12

Run 32 - 2.0 mi- 0.2A

Run 33 - 3.0 m -0.3A t,
Run 34 - 4.0 m - 0.4A

Run 35 - 5.0 in - 0.5A

Run 36 - 6.0 m -0.6A

Run 37 - 7.0 m -0.7A

Run 38 - 8.0 mn - 0.82

Run 39 - 9.0 in - 0.92A

Run 40 -10.0 in "A.0

Run 41 - 20 m - 2.OX

Run 42 5 n.? N:...

Run 43 -100 m 10.0
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 18

SCENARIO NO MATCHING NETWORK
RURAL AREA

FREQUENCY 88MHz
10" MONOPOLE ANTENNA, 1 4 in DIALENGTH- - :" :
R E C E I V E R F , 5 ,  r , -1 0  O H M

RC-58/U COAXIAL LINE, tOM LENGTH.

INPUT VARIABLES, TALIL. I

.REQ.FNCY

I FMHZ= 0 8800E+02 (MHZ) 2 R= 0 1700E+C5 (HZ

TEMPERATURE -; k K ,

3 TC- 0 2880E+03 (DEG K) 4 TM- 0 2f080E+U3 :D1 ', K.

5 TN= 0 28eOE+03 (DEG 4)'

ANTENNA 7 RAN 29 1 H

6 HCR= 0 1819E-02! (OHMS) 7RH-02~E0 H~

a XAR= - 3409E+03 (OHMS)

MATCHING NETWORK

9 RMR= 0 OOOOE+00 (OHMS) to XMR- 0 0000E400 (OHMS,

it Am 0 1000E+01 (- ~RSR-. 0 00OOE400 tUHr1S'

RECEIVER NOISE

13 FO= 0 5030E+01 (-. 14 RN::; 0 I00OF
-
C03 IOHM 

. -

15 GNO- 0 20OOE-01 (MHOS) 16 BNO=: 0 ooooE+O (MHoS-

TRANSMISSION LINE

i7 REZOR- 0 5000E+02 (OHMS) is JMZOR' - 2700E00 (OHM.

19 ALPHAR- 0 1646E-01 (NEPERS/METER) 20 BEIAR= 0 "/99E+01 (NEEPLPS/ME.f"*

21 DR
= 

0 1000E+02 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN
= 

0 1334E+02 (dB) 23 DUFAT- 0 9140E ()1 (1'

24 DLFAT
= 

0 2760E+01 (dB) 25 FALSTD, 0 2794['01 (d1),

CONSTANTS, TABLE 2

I TO
= 

0 ":8SOE+03 (DEG K) 2 K,= 0 I3HOE-22 (.'/OG P

DERIVED VARIABLES, TAr4LE 3

1 W - 1317E+03 (dBm) 2 ZOUT' (0. am,, .' ... - i.O' F "QJ, (M'

3 ZOR= (0 5000E+02 - 2700E+00) (OHMS)

4 REF'LR- (0 9546E+00 2862E+00) ---

5 GAMMAR= (0. 1646E-01 0 2798E+01) (NEPERS/METE.Rl _ ,',

6 YSr- (0. 3390E-02 . -. 2816E-02) (MHOS) , '\" .

7 YNO= (0.2000E-O1 0 OOOOE+O0) (MHOS) 8 FRm 0 1,3441.OZ .-

9 FATSTD- O.4885E+01 (dB) 10 FASTD- 0 ..628E+01 kd[i

II SFAMEAN- O.4993E+02 ... 1Z SFASTI) ( 1043F-+0J
., \ ..\....,

13 LCR- 0 IOOIE+OI -14 LMR-. 0 100(E.01 ... '"

15 LNR- 0 1834E+03 .-

16 SFMEAN- 0.2515E+04 -.. "-l

17 SFSTD- 0. 1043E+03 . 18 FSID= 0 i800F+O0 (dB)

19 FMEAN
m 

0 3400E+02 (dB) 20 DFMEAN-' 0 2066E 02 (d"."

21 SVFMEAN- 0. 5036E+02 I- 22 NMAN- 9770F+02 dbm)

23NSTD- 0.1800E+00 (dB)

23 . :' ':"
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PROGRAM SONF SYSTEM OPERATING NUISE F IGORE Run 17
SCENARIO NO MATCHING NETWORK V r

RESIDENTIAL AREA

FREQUENCY, 88MHz
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo =5, rn

:
:LO0 OHMS

RG-58/U COAXIAL LINE, 1OM L.ENGIH

INPUT VARIABLES. Tif."

FRE0I.-NCY Y "
I FMHZ= 0 88OOE402 (MHZ) B 0 17.)JE), .Hl

TEMPERATURE
3 TC= 0 2680E+03 (DEG K) 4 TM Q d .,F [ G p
5 TN- 0 2880EO03 (DEG K,

ANTENNA 5.
6 RCR= 0 1819E-02 (OHMS) 7 RAN- 0l ;11914-IJI l(!i-.. 

%
8 XAR= - 3409E+03 (OHMS) % ,

MATCHING NETWORK %
9 RMR= 0 OOOOE+O0 (OHMS) to 9 M1W C. 01 O1C llIM

I1 A=- 0 1000E+01 i .----- 2 ,SP 0 ('U00([ ,,, OH,.

RECEIVER NOISE X
13 FO= 0 5030E+01 (-I 14 RN- I O0E,! 'OhMS;
t5 GNO= 0 2000E-01 (MHOS) b BNO 0 0000CF -06 (Mtlrj'

TRANSMISSION LINE -.
17 REZOR= 0 5000E 02 (OHMS) 1 IMZI)R ,.IO(Ep0 'OIM.,
19 ALPHAR= 0 1646E-01 (NEPERS/METER) 20 BETAR- 0 ,'9i *.1 (&PI /nF I;+-9,
21 DR 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN

= 
0 1864E+02 (dB) 23 DUFAI" 0 l'4 I ..'1 db,

24 DLFAT= 0 5420E+o1 (dB) 25 FALS10-- 0 R., l '"" .

CONSTANTS, TA"LE

I TO= 0 2880E+03 (DEG KI) 2 K- 0 1 JR(F-2.,, .J. ,

UERIVED VARIABLES TABLF --

1 W' - 131
7
E+03 (dBm) ZOU .T (0 ... 0'1,., 'O9E-.u1 f4

3ZOR= (0 5000E+02 -- 2700E+0l (OHMS' A
4 REFLR= (0 9546E+00 . - 286E+O0)

5 QAMMAR- (0 1646E-01 0 2798E-#01) .NEPERS/MF tRH

6 YS= (0 ,33BOE-02 - 2816E-02) tMHOS,

7 YNO (O 20OE-0,1 o OOOOE+0O) Ml40, , f .1..

9 FATSTD= 0 7173E+01 (dl) 10 FASID U ;. 9"t .

11 SFAMEAN- 0 3664E+03 (-. 12 SFASIL ') 1 ")k ".

13 LCR= 0 I0 1 9O1/e-.....1 14 l th' 0 IOU)

15 LNR- 0 1834E+03(

16 SFMEAN" 0 2831E+04 (-. ) -"A..

17 SFSTD- 0 ISOOE 04 S 18 FS1D= 0 ."''jU>" ,

19 FMEAN- 0 3378E+02 (d9) 20 DFMEAN 0 l(.u (0'll

21 SDFMEAN, 0 7727E+01 2) 22 NMFAN - 97921).2 dlih,

23 N1STD 0 2531E+01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 16
SCENARIO NO MATCHING NETWORK

BUSINESS AREA
FREQUENCY, 8SMH-

0" MONOPOLE ANIENNA, 
1 4 in UIA

RECEIVER f,,=5, rn :10O OHMS
RG-S/U COAXIAL LINE, IOM LFNGTH . 

4.J

INPUT VARIABLES, rULF I ',° .'N

F REQUENCY * .%*., ."

I FMHZ= 0 8800E+02 (MHZ) 2 B -- 0 ibO"E.0b (HL* .

TEMPERATURE
3 TC= 0 288OE+o3 (DEG H' 4 TM- 0 0E+03 i,; ,,
5 TN' 0 2880E+03 (DEG t%)

ANI ENNA %

6 6 RCR= 0 1819E-02 (OHMS) 7 RAR' 0 2l99F oi '(JHMS.
8 XAR= - 3409E+03 (OHMS)

MATCHING NETWORK
9 RMR= 0 OOOOE+0O (OHMS) 10 XMRr 0 0000F+00 'OHMSl

11 A 0 O00E+OlI -) IL RSH' 0 0000E" jQ ,OHMS' ". -

RECEIVER NOISE
13 FO= 0. 5030E+01 (-. 14 RN 0 00E+'-3 loIMs)
15 GNO= 0 2000E-O1 (MHOS) 16 SNO 0 0000E+0 (MFIO;).

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR'; • ''k+0o (OHMS)
19 ALPHAR= 0 1646E-01 (NEPERS/METER) 20 BETAK' 0 N2?9-O ENP)* ER.S/M- I,:,
21 DR= 0 IOOOE+o2 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 2294E+02 (dB) 23 FAl- , 1.4 'tF>A l.- .
24 DLFAT= - 9500E+01 (dB) 25 FALSID- 0 8X40E .. 'I.d,.

CONSTANrS, TABLE ;2

I TO= 0 2880E+03 (DEG K) 2 K-- 0 13F80--- Qj/D0( K'

DERIVED VARIABLES,TALE I1 p g
I W- - 1317E+03 (dBm) 2 ZOUI ' (0 2201L;401 '-409 . LII-m.

3 ZOR= (0 50OOE402 , - 2700E+00) (OHMS)

4 REFLR= (0 9546E+00 , - 2862E+00) -..-

5 GAMMAR= (0 1646E-01, 0 2798F+l) (NEPERS/,M'NFrR

6 YS-- (0. 33OE-02 -.2816E-02) (MHOS, ,'

7 YNO- (0 2000E-01 0 OOOOE+00) (MHOS) B IR- , 1,44,_; -1 -

9 FATSTD= 0.5222E+01 (dB) 1a.FASaA1 0 96 ak It

It SFAMEAN- 0.2551E+04 .. ) 12 SFASID' 0 .3"S4'. .

13 LCR= 0 IOOIE+01 ( 14 LMR= 0 100(F+) . • ,.*.v.

15 LNR- 0 1e34E+03 -... ,.

16 SFMEAN- 0 5016E+04 C-. ,

17 SFSTD- 0 3298E+05 (-. 18 FSTD' 0 8454-+t (dL),

19 FMEAN- 0 2877E+02 (d) 20 DFMEAN 0 583
7
F+01 (ill

21 SDFMEAN- 0. 1966E+01 I- . 22 NMEAN- - 1029E+03 dflm)

23 NSTD- 0.8454E+01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 29

SCENARIO- NO MATCHING NETWORKI RURAL AREA -- ,--.

FREQUENCY, 30MHz
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER: f0 =5, rn=1O0 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE I

FREQUFNCY -_

I FMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700+05 (HZ)

TEMPERATURE
3 TC ,2880E-#03 (DEG K) 4 TM: 0 2880E+03 (DEG K,

(OM5 TN= 0 2880E+03 (DEG K)OOOEO

[ -, ANTENNA

6 RCR
= 

0 102E-0 (OHMS) 7 RAR= 0.556E+O0 (OHMS)
8 XAR= - R 0EE+04 (OHMS)

[% ~MATCHING NETWORK . ..

1MO)9 RMR= 16 aMR 0 OOOOE+O0 (OHMS)
11 A 0 1000E+01 ) 12 RSR O-00E+O0 (OHMS)

I 1
"
. RECEIVER NOISE .. :

;- 13 FO 0 5030E+01(...) 14 RN;= 0 1O00E+03 (OHMS)
.,15 GNO= 0 2000E-01 (MHOS) 16 BNO= 0 O00OE+O0 (MHOS)

' ~TRANSMISSION LINE _.

1 7 R E ZOR- 0.5,0 00E +02 ( O HM.S) is IMZOR= - 4713E"mOo (O.IHMS) :.t-" ° ' ?

19 ALPHAR= 0.9442E-02 (NEPERS/METER) 20 BETAR' 0 9540E+00 (NEPERS/M'FER)

21 DR-. 0 BOOOE+O0 (METERS)

" ~~ENVIRONMENTAL NOISE,-., .

22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT= 0 6910E+01 dH)

24 DLFAT= 0 4180E+01 (dB) 25 FALS7D); 0 4070Er01 (dl)

CONSTANTS. TABLE 2

I TO- 0 2880E+03 (DEC K) 2 K= 0 1380E-22 'J/DEG K)

DERIVED VARIABLES,TABLE 3 4 . ,..

I W- - 1317E+03 (dBm) 2 ZOUT= (0. 2567E+00 - 1000.E04) (OHMS.

3 ZOR= (0 5000E+02 . - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 , - 9965E-01) '--...)

5 GAMMAR= (0.9442E-02 0 9540E+00) (NEPERS/MEIER)

6 YS= (0. 1410E-03 0.2114E-01) (MHOS)

7 YNO= (0. 2000E-01 , 0 OOOOE+00) (MHOS) 8 FR' 0 b6UbF+OJ-

m9 FATSTDn 0 4379E+01 (dB) 10 FASTD' 0 5979E+01 'dD""

-" 11 SFAMEAN,- 0.1096E+04 (...) 12 SFASTD 0 2606E+04 4 .......-

" 13 LCR= 0 1004E+01 (-. 14 LMR= 0 IO0OEO -.....

15 LNR- 0 2653E+03 (-.

16 SFMEAN= 0 1614E+06 (-.

17 SFSTD- 0 2606E+04 (-. 18 FSTDw 0 7015E-01 (dB).. , - .. -
N., 19 FMEAN- 0 5208E+02 (di) 20 DFMEAN= 0 2579E+02 (d)

21 SDFMEAN 0. 1472E+03 (-. 22 NMEAN - 7963E+02 (dB) ,,

23 NSTD- 0 7015E-01 (dil
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PROGRAM SONF SYSTEM OPERATING NOISE FIGuRE Run 30

SCENARIO NO MATCHING NETWORK
RURAL AREA

FREGUENCY, 30MHz
10" MONOPOLE ANTENNA, 1 4 in DIA

RECEIVER f. 5, rn "100 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TAIJIF 1

FREGUENCY
I FMHZ= 0 3000E*02 (MHZ) 2 B= 0 1700E+05 (HI)

TEMPERATURE

3 TCz 0.2880E+03 (DEG A 4 TM- 0 ;?880L-403 (DFt K)
5 TN- 0 2880E+03 (DEG K )

ANTENNA I
* 6 RLR= 0 1062E-02 (OHMS, 7 RARt- 0 2556E+00 tOHMS)
* XAR= - 1000E+04 (OHMS)

MATCHING NETWORK
9 RMR= 0 OOOOE+O0 (OHMS) 10 XMR:r 0 O000+U (UHMS)
11 A- 0 I00E+0I .- ) 12 RSR 0 000OE+00 (OHMS)

RECEIVER NOISE
13 FO= 0 5030E01 (-) 14 RN' 0 JOOOE-03 (OHMS)
15 GNO= 0 2000E-01 (MHOS) 16 BNOz 0 O000E+00 (MHOS)

TRANSMISSION LINE

17 REZOR- 0 5000E 02 (OHMS) 11 IMZOR- - 4/13E+00 (OHMS)

19 ALPHAR- 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E*00 (NFPERS/MtR)" "

21 DR= 0 9000E+00 (METERS)

ENVIRONMENTAL NOISE

22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT-- 0 69IOE-0 (d])
24 DLFAT= 0 4180E+01 (dB) 25 FALSfDr 0 4070E+01 (ub)

CONSTANTS TABLF 2

I TO= 0 2880E+03 (DEG K) 2 K- 0 1,EI*-.' ,J/DG .v"'

DERIVED VARIABLES, TABLE :1

1 W= - 1317E+03 (dBm) 2 ZOUT= tO *S,'"+'0 I000E)4 (OHM,,

3 ZOR- (0 5000E+02 , - 4713E+00) (OHMS)

4 REFLR- (0 9941E+00 -- 9965E-01) (-....-)

5 GAMMAR- (0 9442E-02 , 0 9540E+00) (NEPERS/MEIUF ,

6 YS
= 

(0 2332E-03 . 0.2565E-01) (MHOS)

7 YNO (0 2000E-01 , 0 OOO0E+0) (MHOS) 8 FR- 0 4746F*U).

9 FATSTD- 0.4379E+01 (dB) 10 FASTD-- 0 ! Y99fri0( (d(;!

11 SFAMEAN- 0. 1096E+04 C-) 12 SFASTD. 0 2bobEL.-4 -.

13 LCR- 0 1004E+01 C-) 14 LMR- 0 l0)OF- 4C1 .

15 LNR 0 3500E+03 (-

16 SFMEAN 0. 1609E+06 .-

17 SFSTD- 0 2606E+04 C-) 18 FSID= 0 /036E-01 (dB)

19 FMEAN- 0 5206E+02 (dB) 20 DFMEAN- 0 2578E+02 (dB()

21 SIFMEAN- 0. 1468E+03 C-2 22 NMEAN
=
- - 7964E+02 (dBm)

23 NS1D- 0 703&E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 31
SCENARIO NO MATCHING NETWORK

RURAL AREA
, FREQUENCY, 3MHz

10" MONOPOLE ANTENNA, 1 4 in OXA.
SRECEIVER: L= r,=100 OHMS

* RG-5e/U COAXIAL LINE,
INPUT VARIABLES. TABLE I .

FREQUENCY
I FMHZ= 0 3000E402 (MHZ) 2 B %' 0 1700E+05 (HZ)

REMPERATURE 
-U

3 TC - 0 2880E+03 (DEG K) 4 TM:= 0 2880E4-03 (DEG K)
5 TN 0.2880E+03 (DEG K)

AN JENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR 0.2556E+00 (OHMS)
8 XAR= - 1000E+04 (OHMS)

MACNING NETWORK

9 RMR= 0.OOOOE+OO (OHMS) 10 XMRH7 0 0000E+00 (OHMS)
11 Am 0 1000E+01 -)12 RSRtz 0 OOOOE.00 (OHMS)

RECEIVER NOISE
13 FO"- 0. 5030E+01 -)14 RN= 0. 1000E+03 (OHMS)
15 GNU= 0 20OOE-01 (MHOS) 18 BNO1 0 OOOOE+00 (MHOS)

RRANSMISSION LINE
17 RE2OR= 0.5000OE+02 (OHMS) 1S IMZOR'r - 4713E+00 (OHMS)
19 ALPHAR- 0 9442E-02 (NEPERS/METER 20 BETAR 0 9540E+00 (NEPERSMETER

* 21 OR- 0 IOOOE+01 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0.2628E+02 (dB) 23 DUFAT 0 6910E+01 (d )

S24 OLFAT= 0 4IOE+01 (dB) 25 FALSTD= 0 4070E+01 (dB)

CONSTANTS. TABLE 2

I TO:- 0 2880E+03 (DEG K) 2 K= 0.-13',E-22 I-/DE K)

DERIVED VARIABLES,TABLE :3 '\ %

I W= - t317E+03 (dBm) 2 ZOUAT (0 2567E+00 1000E+04 (OHMS

3 ZOR- (0 5000E+02 OS4713E0) (OHMS)

4 RFFLR= (0 9941E+0O0 -. E9965E-01) I--M-. .

5 GAMMAR- (0 9442E-02 , 0 9540E+00) (NEPERS/M0TER)

6 VS- (0 3921E-03 0.3141E-01) (MHOS)

7 YNO= (0 2000E-O1 . .OOOOE+O0) (MHOS) 8 FR-~ 0.3548E+03 --

9 FATSTD 0 4379E+01 (dB ) 10 FAST 0 5979E+01 (dB)

11 SFAMEAN- 0. 109E+04 ( ) 12 SFASTD 0 2606E+04 (MHOS) ( -

713 LCR= 0. 1004E+01 (- ) 14 LMR 0 1000E+01 (OHMS- '..-

15 LNR- 0.4473E+03 (-

18 SFMEAN- 0. 1605E+0 ( -)

17 SFSTD- 0.2606E+04 t-81 FSTD 0 7055E-01 (dB)

19 FMEAN= 0.5205E02 (dB) 20 DFMEAN- 0 2577E+02 (dB)

21 SDFMEAN- 0. 144E+03 C-) 22 NEAN= - 7965E+02 (dEm)

23 NSTDC 0 7055E-01 (d)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 32
SCENARIO NO MATCHING NETWORK

RURAL AREA
Z FREQUENCY, 3MHz

10" MONOPOLE ANTENNA, E 4 in. DieRECEIVER fo=5, rn:=lO0) OHMS -'-."..

RG-5Bu COAXIAL LINE, ........

SCFMHZ= 0 3000E+02 (MHZ) ( RA) 0 2O0 (H)

B~~ XAr 0 1000004EOHMS

TEMPERATURETWORK
3 TCM 0 2880E+03 (DEO K) 4 TM: 0. O2880E+03 (DES K)TN 0 2880E+03 (DEG A)"".

ANTENNA •"

6 RCR = 0 206;2E-0 2 (OHMS) 7 RAR- 0 2556E+00 (OHMS) "-'
8 XAR- - 10OOE+04 (OHMS) -

MATCHING NETWORK .. ',,o°
9 RMR= 00000OE+O0 (OHMS) 10 XMR

= 
0 OOO0E+O0 (OHMS) 6 ' '

11 A- 0 I00E O (- ) 12 RSR=" 0 OOOOE+O0 (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+01 C-. 14 RN= 0 IOOOE+03 (OHMS)
15 GNO- 0 20O0E-01 (MHOS) 16 BNO=- 0 O000E+O0 (MHOS)

TRANSMISSION LINE

17 REZOR- 0 5000E+02 (OHMS) 18 IMZORa - 4713E+00 (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/MLIE' .

21 DR= 0 2000E+01 (METERS) -

ENVIRONMENTAL NOISE rv
22 FAMEAN= 0.2628E+02 (dB) 23 DUFAT 0 6910E+01 (dB) '..

24 DLFAT- 0 419E001 (dB) 25 FALSTD- 0 4070E01 (d)k

CONSTANTS. TABLE 2 - ..

I TO= 0 2880E+03 (DEG K) 2 K- 0. 1360E-22 (J/DEG K) %* "

DERIVED VARIABLESTABLE 3

I W" - 1317E+03 (dBm) 2 ZOUT
= 

(0 2567E+00 . - I0O0EO4) (OHMS'

3 ZORs (0 5000E02 , - 4713E+00) (OHMS)

4 REFLR- (0 9941E.00 .- 9965E-01)-----

5 GAMMAR= (0 9442E-02 0 9540E+00) (NEPERS/METER)

6 YS= (0 3172E-02 , -. 4889E-01) (MHOS) .A '°§

7 YNO- (0.20OE-01 , O.OOOOE+00) (MHOS) 8 FR=. 0 O933Ef02 ( )

9 FATSTD- 0 4379E+01 (dB) 10 PASTD- 0 5979E+o (dBi)

11 SFAMEAN- 0. 1096E+04 (- ) 12 SFASTD 0 2606E+04 .-

13 LCRr 0 1004E 01 ( - ) 14 LMR- 0 OO0E+02 ( .....)"

15 LNN- 0 1759E+04 (-

16 SFMEAN- 0 1589E+06 .. ) . . -

17 SFSTD- 0 2606E+04 8) 19 FSTD 0 7126E-0) (dB)

19 FM^N- 0 5201E+02 (dW) 20 DF'IEAN- 0 2573E+02 (dB)

21 SDFMEAN, 0 1449E+03 (- ) 22 NEAN - 7969E+02 (dBom)

23 NSlD- 0 7126E-01 (dW)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 33
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY, 3OMHz
10" MONOPOLE ANTENNA, 1 4 in D1A
RECEIVER f=5. r 100) OHMS
RG-5a/U COAXIAL LINE,

INPUT VARIABLES. TAIILE I

FREQU[ NC Y
I FMHZ= 0 3000E+02 (MHZ) 2 B-z 0 1700E+05 (HZ)

I EMPEHATUPE
3 TE-- 0 2880E+03 (DEG K) 4 TM' 0 28BE+03 (DEG K)

5 TN: 0 28130E+03 (DEG K)

ANTENNAI
6RCR= 0 1062E-02 (OHMS) 7 PAR= 0 2556E+00 (OHMS)

8 XAR= - 1000E+04 (OHMS)

MAT(.HIN. NETWORK
9 RMR= 0 OOOOE+O0 (OHMS) 10 XMR= 0 OOOOE+OO (OHMS)

11 A- 0 1000E+01 (--I12 RSR= 0 OOOOE+0O (OHMS)

RECEIVER NOISE
13 FO- 0,5030E+01 - 114 RN- 0 1000E+03 (OHMS)

15 GNOz 0 2000E-01 (MHOS) 16 iNO= 0.0000E400 (MHOS)

TRANSMISSION LINE
17 REZOR- 0 5000E+02 (OHMS) 18 IMZOR.- - 4713E+00 (OHMS)

19 ALPHAR= 0.9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER)

21 DR; 0 3000E+01 (METERS)IDzm

ENVIRONMENTAL NOISE
22 FAMEAN- 0 268BE+02 (411) 23 DUFAT- 0 6910E+01 (dill

24 OLFAT- 0 4180E+01 (dB) 25 FALSTO= 0 4070E+01 (dB) I

CONSTANTS.TABLE 2

1 TO= 0 2880E+03 (DEG K) 2 K- 0. 1300E-22 (J/DEG K)

DERIVED VARIADLES,TABLE 3

I W- - 1317E+03 (dim) 2 ZOUJT- (0 2567E+00 , - 000404( (OHMS,

3 ZOR- (0 5000E+02 ,-4713E+00) (OHMS)

4 REFLR- (0 9941E+00 9965E-01)(- *&

5 GAMMAR- (0 9442E-02 ,0 9540E+00) (NEPERS/METER) 
* '

6 YS- (0 6514E-03 .- , 4665E-02) (MHOS5) * .

7 YNO- (0 20O0E-01 ,0 OOOOE+00) (MHOS) 8 FR- 0 6584E+02 -- I-

9 FATSTO- 0 4379E+01 (dg) 10 FASTD - 0 5979E+01 (dillA

11 SFAMEAN- 0 1096E+04 - 1 12 SFABTO~ 0 2606E+04( *

13 LCR- 0 1004E+01 - )14 LMR= 0 IOOOE+O1 (---

16 SFMEAN- 0 1599E+06 ( I:

17 SFSTD- 0 26&E+04 - 118 FSTD= 0 7079E-01 (dB)

19 FMEAN- 0 5204E+02 (di) 20 DPMEAN- 0 2575E+02 (dB) r. x
21 SDFMEAN- 0. 1459E+03 f-- 22 NMEAN- -. 7?966E+02 (dim) 1

23 NSTD. 0 7079E-01 (MD
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RURAL AREA

FREQUENCY, 30MHz
101 MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER 

- .OHM

RG-58/U COAXIAL LINE,

FREQUENCYINPUT VARIABLES,TAILE 1II

IFMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700E+05 (HZ)

TEMPFRA T URE
3 TC-- 0 2880E+03 (DEG K) 4 TM- 0 2880E4-03 (DEG K)

5 TN- 0 2880E+03 (DEG K) 
.

ANTENNA
6 RCR- 0 i062E-02 (OHMS) 7 RARr. 0 2556E+00 (OHMS)

a XAR- - 1000E+04 (OHMS)

MARcHING NETWORK

9 RMR- 0 OOOOE+0O (OHMS) 10) XMRm O.OOOOE+OO (OHMS) -

it A= 0 1000E+0 (-NOPOLE N2 RSR - 0 OOOOE+O0 (OHMS)

RECEIVER NOISE
13 F 0 030~O1 ----- )14 RN~v 0 I000E+O-) (OHMS)

t5 GNO- 0 2000E-01 (MHOS) 16 DNO= 0 OOOOE+00INS

TRANSMISSION LINE L" 
-

17 REZOR- 0. 5000E+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)

9 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 ETAR 0 9540E+00 (NEP-RS/M-TER)

21 DR 0 4000E+01 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN 0 2628E+02 (dB) 23 DUFAT 0 6910E+01 (dM)

24 DLFAT= 0 4180E+01 (dB) 25 FALSTD 0 4070E+01 (dHP

CONSTANTS. TABLF 2

1 TO= 0 200OE+03 (DEG K) 2 K'= 0 13OOE-22 ( M/DEG K) . ...

R VDERIVED VARIABLESTABLE 3

1 W= - 1317E+03 (dBM) 2 ZOUT= (0 2567E+00 1000E+04) (OHMS)

3 ZOR- (0 5000E+02 , -. 4713E+00) (OHMS) ,

4 REFLR= (0. 9941E+00 -.9965E-01) (

5 GAMMAR (0 9442E-02 N 0 9540E+0) (NEPETRS/METER)

6 YS- (0 1195E-02 M"0. 1766E-01) (MHOS)

7 YNO (0 2000E-01 0. O0OE+00) (MHOS) 8 FR- 0 607IE402 ( '

-9 FATSTD= 0 4379E+01 (d) 10 FASTD= 0 5979E+01 (dB)

11 SFAMEAN 0.1096E+04 12 SFASTD - 0 2606E+04 ( K)

13 LCR 0 1004E+0 14 LMR = 0O 15E+0 ,- OE0 OM

15 LNR- 0. 2648E+04 (

16 SFMEAkN- 0, 1625E+06 (

17 SFSTD. 0 2606E+04 (- I18 FSTD- 0.6964E-01 (dBll

19 ZMEAN- 0.521E+02 (dB43 20 DFEAN- 0.2583E+02 (dB)

2 SOEMEAN- 0.1483E+03 (-- 22 NOEAN- -. 7959E+02 (dO0m)

23 NSD- 0 6964E-01 (dg)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 35
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY. 30MHA %. -

10 MONOPOLE ANTENNA, 1 4 in DIA , .
RECEIVER f o =5, r n =100 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE 1

FREGUENC Y , *
t FMHZ- 0 3000E+02 (MHZ) 2 Bm 0 1700E405 (HZ)

TEMPERATURE
3 TC= 0 28OE-03 (DEG K) 4 TMr: 0 2880E+03 (DEG K) ,

5 TN 0 2880E+03 (DEG K) .1. ?

ANTENNA VA
6 RCR= 0 1062E-02 (OHMS) 7 RAR-, 0 255&E+00 (OHMS)
* XAR- - 1OOOE+04 (OHMS)

MATCHING NETWORK

9 RMR- 0 OOOOE+O0 (OHMS) 10 XMR- 0 OOOOE+0O (OHMS)
11 At 0 1OO0E+01 1 2 RSR' 0 OOOOE+00 (OHMS)t

RECEIVER NOISE -

13 FO= 0 503E~ol (-. 14 RN= 0 oo0E+o (OHMS)
15 GNO" 0 2000E-01 (MHOS) 16 BNO= O.OOOOE+00 (MHOS'

TRANSMISSION LINE
17 REZORs 0 5000E+02 (OHMS) 18 IMZOR:m - 4713E+00 (OHMS)

19 ALPHAR- 0 9442E-02 (NEPERS/METER) 20 DETAR- 0 9540E+00 (NEPERS/MEER)

21 DR- 0 5000E+01 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN- 0 2628E+02 (dB) 23 DUFAT= 0 6910E+01 (dU) %

24 DLFAT- 0 4180E+O1 (dB) 25 FALSTD
= 

0 4070E+01 (dl)

CONSTANTS, TABLE 2

1 70= 0 2880E+03 (DEG K) 2 K= 0 1380E-22 (J/DEG K)
- ., ..-.

DERIVED VARIABLES, TABLE 3 "

I W- - 1317E+03 (dm) 2 ZOUT= (0 2567E+OO . 1000E*04) (OHMS'
-

3 ZOR- (0 5000E602 - -. 4713E+00) (OHMS)

4 REFLR- (0 9941E+00 -. 9965E-01) (-.

5 GAMMAR- (0 9442E-02 , 0 9540E+00) (NEPERS/METER) t.

6 YS= (0, 7066E-01 . - 1540E+00) (MHOS)

7 YNO- (0 20006-01 .0.OOOOE+00) (MHOS) 8 FR-:- 0 4223E02 (...--I

9 FATSID- 0+4379E.01 (dB) 10 FASTO- 0 5979E+01 (dB)

11 SPAMEAN- 0. 1096E.04 1- 12 SFASTD= 0 2606E+04 (-- ~
13 LCR- 0 1004.01 1-. 14 LMR 0 ,OOOE+01 .-..

15 LNR- 0 3797E04 C-

j 16 SFMEAN- 0. 1621E+06 C

17 SESTO- 0.260.04 1 1 FSTD 0.6983E-01 (dB)

19 FMEANs 0 5210E+02 (dB3 20 DFMEAN= 0,2581E+02 (dB)

21 SDFMEANw 0. 1479E+03 -1 22 NMEAN- -.7961E+02 (d~m) 'A'N

23 NSTD- O.6fl36-01 (d)

153

% *.



- -- - W' &' hr - i ---3'o Nr

PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 36

SCENARIO NO MATCHING NETWORK
RURAL AREA
FREGUENCY 30MH2 t

10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo--5, rn-1O0 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE 1

FREOUFNCY

I FMHZ= 0 3000E+02 (MHZ) 2 Bm 0 1700E+05 (HZ) "'

TEMPERATURE
3 TC- 0 2S80E+03 (DEG K) 4 TM'r 0 2880E+03 (DEG K)
5 TN 0.2880E+03 (DEG K)

ANTENNA " " "
6 RCR= 0 1062E-02 (OHMS) 7 RAR' 0.2556E+00 (OHMS) :1W
8 XAR= - 1000E+04 (OHMS)

MATCHING NETWORK
9 RMR= 0 O000E*00 (OHMS) 10 XMR- O. OOOOE+00 (OHMS)

11 A, 0 1000E+01 (-. 12 RSR= 0 OOOOE+O0 (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+0 1 -. 14 RN= 0. OOOE+03 (OHMS)
15 GNO= 0 2000E-01 (MHOS) 16 BNO= 0. OOOOE+00 (MHOS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR= - 4713E+00 (OHMS)
19 ALPHAR= 0+9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER) - 1 -'D.

--

21 DR- 0 6000E+01 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0.2628E+02 (dB) R3 DUFAT- 0 6910E+01 (dB)
24 DLFAT= 0 41BOE+01 (dB) 25 FALSTD= 0 4070E+01 (dB)

CONSTANTS. TABLE 2

1 TO-- 0 2880E+03 (DEG K) 2 K= 0 13BOE--22 (J/DEG K) c
r
x.

,  
,

DERIVED VARIABLES. TABLE :3 iV. -

I W' - 1317E+03 (dBm.) 2 ZOUTtr (0 2567E.00 -1OO0E-04) IOHMS

3 ZOR (0 5000E+02 , - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 , - 9965E-01) I-..... *

5 GAMMAR- (0 9442E-02 , 0 9540E+00) (NEPERS/METER) *

6 YS= (0 16OOE-02 , - IIIOE-01) (MHOS) "',,

7 YNO (0. 2000E-01 O 000E+O0) (MHOS) 8 FR
= 

0.3389E+0;W (-....

9 FATSTD= 0 4379E+01 (dB) 10 FASTD' 0 5979E+01 (dB) "

11 SFAMEAN- 0. 109E+04 (-. 12 SFASTDr- 0. 2606E+04 (---.. .

13 LCR- 0 1004E+01 -. 14 LMR= O. 1 -' -01.

15 LNR- 0 4745E+04 (---..)

16 SFMEAN- 0 162&E+06 (-

17 SFSTD- 0.260&E+04 3-. 18 FSTD= 0 6962E-O (dB) %

19 FMEAN" 0 5211E+02 (dl) 20 DFMIEAN= 0.2583E+02 (dB) .

21 SDFMEAN- 0. 1483E+03 2-. 22 NMIEAN- 7959E+02 (dBm) %.

NSTD- 0 6962E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 3 7

SCENARIO NO MATCHING NETWORK
RURAL AREA
FREQUENCY. 30MH,
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER f0 =5, r=100 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLESTABLE I

FREQUENCY

I FMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700E+05 (HZ)

TEMP FRA TUR E
3 TC= 0.2880E+03 (DEC K) 4 TM- 0.2880E+03 (DEG K)
5 TN- 0 2880E+03 (DEG K)

ANTENNA
6 RCR- 0 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (OHMS)

B XAR- - 1000E+e04 (OHMS)

MATCHING NETWORK K
9 RMR= 0 OOOOE+00 (OHMS) 10 XMR~r 0 OOOOE-00 (OHMS)

11 A:, 0 1000E+01 1-~ 2 RSRm 0 0OO0E+0O (OHMS)

RECEIVER NOISE
13 FOm- 0 5030E+01 - 14 RN= 0 1000E+0~3 (OHMS)
15 GNO'- 0 2000E-01 (MHOS) 16 SNOz: 0 OOOOE+OO (MHOS)

TRANSMISSION LINE
17 REZOR= 0. SOOE.02 (OHMS) 18 IMZOR'= - 4713E+00 (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 DETAR' 0 9540E+00 (NEPERS/ME(T~
21 OR'- 0. 7000E+01 (METERS)

ENVIRONMENTAL N')ISE
22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT= 0.6910E+01 (dB)
24 OLFAT- 0 4180E*01 (dB) 25 FALSTD= G.4070E+O1 (dB)

CONSTANTS. TABLE 2

I TO- 0 2S80Ee03 (DEG K) 2 K= 0. 1380E-22 (J/DEG K)

DERIVED VARIABLES,TABLE 3

1W= - 1317E+03 (d8m) 2 ZOUT= (0 2567E+00 .- 1000E+04) (UJHMS'

3 ZOR= (0 5000E+02 ,-4713E+00) (OHMS)

4 REFLR= 10 9941E+00 -. 9965E-01)(--1

1'e

* ~13 LCR- 0 1004E+01 -)14 LMR= 0. IOOOE4OI(---

15 LNR- 0, 4958E+04(-

L6 SFMEAN- 0. 1654E+06 -

17 SFSTD- 0.2606E+04 - IIS FSTD- 0.6843E-01 (dB)

19 FMIEAN- 0.521SE+02 (dB) 20 DFMEAN- 0.2590E+02 (dB)

21 SDFMEAN 0. 1509E+03 - 1 22 NMEAN= -. 7952E+02 (d~m)

23 NSTD- C 6043E-Ol (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 38
SCENARIO NO MATCHING NETWORK

RURAL AREA

FREQUENCY, 30MHz

10" MONOPOLE ANTENNA. 1 4 in DIA -- ,'
RECEIVER fo=5, r n-100 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE t ,.

FREQUENCY B:......E.5 (H
I FMHZ= 0 3000E+02 MHZ) 2 g9- 0 1700E+05 (HZ) 7

3 T = 0 880E+03 tDE C K() 4 TM 0 2 8 E+03 (DE G; K)' "'-'~

5 TN- 0 288OE03 (DEC K) 
4 ""

ANTENNA . " -

RCR= 0 1062E-02 (OHMS) 7 RAR- 0 2556E400 (OHMS)
8 XAR

= 
- 1000E404 (OHMS)

MATCHING NETWORK

9 RMR= 0 OOOOE 0O (OHMS) 10 XMR 0 OOOOE+0O (OHMS) .

11 A 0 10OOOE+01 ---..- ) 12 RSR=' 0 OOOOE+00 (OHMS) "< ' V
RECEIVER NOISE $99- "
13 FO-- 0 5030E+01---------- 14 RN' 0 IO00E+03 (OHMS) ' %''

15 0N0= 0 2000E-01 (MHOS) 16 SNO- 0 OO0E+0O (MH(OS)

TRANSMISSION LINE

17 REZOR
= 

0 5000E+02 (OHMS) 16 IMZOR:z - 4713E+00 (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BErAR= 0 9540E+00 (NEPERS/MFTFR)
21 DR- 0 8000E+01 (METERS) '-,.

ENVIRONMENTAL NOISE
22 FAMEAN= 0 262BE+02 (dB) 23 DUPAT= 0 6910E+01 (dB)

24 DLFAT: 0 4180E+01 (dB) 25 FALSrD= 0 4070E*01 (dI)) N

CONSTANTS, TABLE 2

I TO 0 2880E+03 (DEG K) 2 K= 0 13BOE-P2 (J/DEG K)

DERIVED VARIABLES, TABLE 3

I W - 1317E+03 (dBm) 2 ZOUT= (0 2567E+0O - IOOOE+0.,) (OIHM._

3 ZOR= (0 5000E+02 . - 4713E+00) (OHMS) V. %- .

4 REFLRs t0 9941E+00 - 9965E-01) (-. . , .4.,

5 GAMMAR= tO 9442E-02 0 9540E+00) (NEPERS/METER)

6 YS= (0 4258E-01 0. 9652E-01) (MHOS)

7 YNO
= 

(0 20000E-01 0 O000E+00) (MHOS) 8 FR: 0 2811+02 -..-

9 FATSTD- 0 4379E+01 (dB) 10 FASTD'- 0 5979E+01 (dB)

* II~1 SFAMEAN- 0 109&E+04 -112 SFASTD= 0 2606E+04 --- I

13 LCR- 0 1004E+01 1-. 14 LMR- 0 1000E+01 - --. . '

15 LNRS 0 5845E+04 (-

16 SFMEAN- 0. 16E*06 1E --6

17 SFSTD- 0 2604E+04 1S FSTD= 0 6815E-01 (dB)

19 FMEAN- 0 5220E+02 (dg) 20 DFMEAN- 0 2592E+02 (dB) r--,.- .

21 SDOMEAN- 0. 1515E+03 I-. 22 NNEAN= - 7950E+02 (dBm)"

73 NS1D, 0 6915E-01 (dlB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 39
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY, 3OMHi
I0" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo =5, rn =100 OHMS
RG-58/U COAXIAL LINE,

INPUT VARiABLES, TAI3L 1

FREQUENCY
FMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700E.05 (HZ)

TEMPERATURE
3 TC- 0 2880E+03 (DEG K) 4 TM.- 0 2880E+03 (DEG K)
5 TN- 0. 2880E+03 (DEC K)

ANTENNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR= O.2556E+00 (OHMS)
8 XAR= - IO00E+04 (OHMS) : .
MATCHING NETWORK
9 RMR= 0 OOOOE+O0 (OHMS) JO XMR= 0 OOOE+OO (OHMS)

11 A- 0 1000E+01 (-) 12 RSR= 0 OOOOE+O0 (OHMS)

RECEIVER NOISE N %
13 FO= 0 5030E+01 --.... ) 14 RN= 0. IOOOE+03 (OHMS)
15 GNU= 0. 2000E-01 (MHOS) 16 BNO= 0 OOOOE+O0 (MHOS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR= - 4713E+00 (OIHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER)
21 DR- 0 9000E+01 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0.2628E+02 (dB) 23 DUFAT=': O.6910E+01 (dR)
24 DLFAT= 0 4180E+01 (dB) 25 FALSTD- 0. 4070E+Oi (dB)

*., ...,.r" ,

CONSTANTS, TABLE 2 6. %

I TO= 0 2880E+03 (DEG K) 2 K
= 

0 1380E-22 (J/DEG K) %

DERIVED VARIABLES, TABLE 3

1 W-: - 1317E+03 (dBm) 2 ZOUT= (0 2567E+00 . - 1000E+04) (OHMS)

3 ZOR- (0 5000E+02 , - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 . - 9965E-01) .-

5 GAMMAR= (0 9442E-02 . 0 9540E+00) (NEPERS/METER)

6 YS- (0 3595E-02 , -1981E-01) (MHOS)

7 YNO= (0 2000E-01 , 0 OOOOE+00) (MHOS) 8 FR,' 0.2343E402 (-)

9 FATSTD- 0 4379E+01 (dB) 10 FASTD= 0 5979E+O1 (dB)

11 SFAMEAN- 0 1096E+04 (1) 12 SFASTD= 0 2606E+04 ( .... )

13 LCR= 0 1004E+01 (-) 14 LMR- 0 1000E+0I .- ) -,*

15 LNR- 0 7OOeO4 708) E +

lb SFMEAN- 0 1660E+06 (--)

17 SFSTD- 0 2606E+04 I--) 1S FSTD
= 

0 6818E-01 (dB)

19 FMEAN- 0 5220E02 (dB) 20 DFMEAN= 0 2592E+02 (dB)

21 SDFMEAN, O 1514E+03 (-) 22 NMEAN- -. 7950E+02 ,dBm)

2 NSTD- 0 681E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 40
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY, 30MHz
10" MONOPOLE ANTENNA, 1 4 in [(LA
RECEIVER o= 5. )'n = 10) OHMS ~-~
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABILE I

FREC)UENC Y
IFMHZ= 0 3000E+02 (MHZ) 2 B-- 0 t700E+05 (HZ)

TEMPERATURE -'

3 TC- 0 2880E+03 (DEG K) 4 TM 0 2880E+03 (DEG K4)
5 TN: 0 2880E+03 (DEC K)

ANTENNAi i
* RCR= 0 1062E-02 (OHMS) 7 RAR.- 0.21)56E+00 (OHMS)
* XAR= - IOOOE+04 (OHMS)

MArTING NETWORK
9 RMR= 0 OOOOE+00 (OHMS) (0 XMR- 0 OOOOE+0O (OHMS)

It A- 0 1000E+01I- 12 RSR- 0 OOOOE+0O (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+01 - I14 RN= 0 1000E+03 (OHMS)
15 GNO= 0 2000E-0I (MHOS) 16 BNO= 0 OOOOE+00 (MHOS)

TRANSMISSION LINE
17 RE7OR= 0 5000E+02 (OHMS) 1S IMZOR- - 4713E+00 (OHMS)
19 ALPHAR- 0 9442E-02 (NEPERS/METER) 20 BETAR- 0 9540E+00 (NEPFRSMErt(.R'
21 DR- 0 1000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT- 0 6910E+01 (db)
24 DLFAT= 0 4180E+01 (dB) 25 FALSTD- 0 4070E+01 (dB)

W'--~~ ~ ONTNS.AL l]7+3);?2ZOT ( 57+O.- 00.4 LH~

1TO= 0 2880E+03 (DEG K) 2 K= 0 13S0E-22 (J/DEG K)

DERIVED VARIABLES. TABLE3

3 ZOR= (0 5000E+02 ,-4713E+00) (OHMS)%

4 REFLR= (0 9941E+00 ,- 9965E-01)1--) . '.

5 GAMMAR= (0 9442E-02 ,0 9540E+00) (NEPERS/MEFER) .'.-2

6 YS= (0 1913E-02 .0. 3321E-02) (MHOS)

7 YNO- 10. 2000E-01. 0 OQOOE+O0) (MHOS) B FR.- 0.2271E.0? ---

9 FATSTD- 0 4379E+01 (dB) 10 FASTD- 0 5979E+01 (dB?

11 SFAMEAN- 0 1096E+04 -112 SFASTD- 0.2606E+04( .-

13 LCR- 0 1004E+01 -)14 LMR= 0. LOOOE+Ol1- --

15 LNR- 0 7348E+04 C I~

16 SFMEAN- 0 1686E+06 I

17 SFSTD- 0 2606E+04 -IIS FSTD- 0.6712E-01 (dB)

19 FMEAN- 0 5227E+02 (dB) 20 DFMEAN- 0.2599E+02 (dB)

21 SDFMEAN- 0 1536E+03 (22 NPIEAN= -7943F+02 (dBm)

2'4 NSTD- 0 6712E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 41
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREQUENCY, 3OMHz
10" MONOPOLE ANTENNA, 1 4 in DIA
RECEIVER fo=5, rn = I O0 OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE I

FREQUENCY .
I FMHZ= 0 300OE02 (MHZ) 2 B= 0 1700E+O5 (HZ)

TEMPEk(ATURE
3 TC- 0 2880E+03 (DEG K) 4 TM= 0 2880E+03 (DEG K)
5 TN: 0 28180E+03 (DEC K)

ANTE NNA
, RCR= 0 1062E-02 (OHMS) 7 RAR2

: 
0 2556E+00 (OHMS)

8 XAR= - 1000E+04 (OHMS)

MATU(ING NETWORK

9 RMR= 0 OOOOE+0O (OHMS) 10 XMR: 0 OOOOE+O0 (OHMS)
11 A" 0 10C'CE+01 (-....) 12 RSR-- 0 OOOOE+0O (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+01 (-. 14 RN= 0 IOOOE+03 (OHMS)
15 GNO= 0 2000E-01 (MHOS) 16 BNO= 0 OOOOE+O0 (MHOS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR:= - 4713E+00 (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER)
21 OR1 0 2000E+02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 2628E+02 (dB) 23 DUFAT= 0 6910E+01 (dB)
24 DLFAT= 0 4180E+01 (dB) 25 FALSTD= 0. 4070E+01 (dB)

CONSTANTS, TABLE 2

1 TO= 0 2880E+03 (DEG K) 2 K= 0. 13B0E-22 (J/DEG K)

DERIVED VARIABLESTABLE :J

I W= - 1317E+03 (dBm) 2 ZOUT
= 

(0 2567E+00 , - I000E-04) (OHMS) -

3 ZOR= (0 500E+02 , - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 , - 9965E-01) (..----1

5 GAMMAR= 0 9442E-02 , 0 9540E+00) (NEPERS/MEIER)

6 YS= (0 3988E-02 , 0.55BOE-02) (MHOS)

7 YNO= (0 2000E-01 0 00OOE+O0) (MHOS) 8 FR,- 0. 1224E+02 (.

9 FATSTD- 0 4379E+01 (dB) 10 FASTD= 0 5979E+01 (dB)"

11 SFAMEAN- 0 1096E+04 (-. 12 SFASTD- 0 2606E+04 .-

13 LCR- 0 1004E+O 1 -. 14 LMR= 0. IOOOE+0I (- .

15 LNR- 0 1499E+05 (-

16 SFMEAN= 0 1853E+06 .-

17 SFSTD- 0 2606E+04 (-. 18 FSTD= 0.6109E-01 (dB)

19 FIIEAN- 0 5268E+02 (dB) 20 DFMEAN, 0,2639E+02 (dB)

21 SDFMEAN- 0. 190E+03 (-. 22 NMEAN- -. 7902E+02 (dBm)

23 NRSTD- 0 6109E-01 (dB)
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 42
SCENARIO NO MATCHING NETWORK~

RURAL AREA

FREQUENCY, 3OMHi
10" MONOPOLE ANTENNA, 1 4 in DIA

RECEIVER f.5, rn1OO OHMS
RG-58/U COAXIAL LINE.

INPUT VARILABLES, TABLE I

F HEOU-NC V
IFMHZ= 0 3000E+02 (MHZ) 2 9- 0 1700E+05 (HZ)

TEMPEkATURE

3 TC-- 0 2880E+03 (DEG K) 4 IfM= 0 28B0E+03 (DEG K)- ~
5 TN 0 2880E+03 (DEG K)

ANTLNNA
6 RCR= 0 1062E-02 (OHMS) 7 RAR= 0 2556E+00 (OHMS)
6 XAR= - ICOOE+04 (OHMS)

MATCHING NETWORK~
9 RMR- 0 OOOOE.OO (OHMS) 10 XMR:- 0 OOOOE-00 (OHMS)

tt A 0 10O0E+01 1- 2 RSR= 0 OOOOE.00 (OHMS)

RECEIVER NOISE
13 FO- 0 5030E+01 -)14 RN:= 0 I000E+03 (OHMS)
15 GNOl= 0 2000E-01 (MHOS) 16 BNO= 0000E-00 (MHOS)

TRANSMISSION LINE
17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR:2 - 4713E+00 (OHMS)
19 ALPHAR- 0 9442E-02 (NEPERS/METER) 20 BETAR= 0 9540E+00 (NEPERS/METER)
21 DR 0 5000Ei-02 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN= 0 2628E+02 (dB)l 23 DUFAT= 0.6910E+01 (dl)
24 DLFAT= 0 41B0E+01 (dil) 25 FALSIO"- 0 4070E+01 (dB)

CONSTANTS. TABLE2

1 TU= 0 2880E+03 (DEG K) 2 K-= 0. L38OE-22 (J/DEG KU

DERIVED VARIABLES,TABLE 3

I W - - 1317E+03 (dflm) 2 ZOUT- (0.2567E+00 -IOOOE+04) (OHM!s'

3 ZOR- (0 5OOOE+02 -4713E+00) (OHMS)

4 REFLR- (0 9941E+o00. 9965E-01)I

5 GAMMAR- (0 9442E-02 0 9540E+00) (NEPERS/METER)

6 YS (0 1207E-Ol 0 1070E-01) (MHOS)

7 YNO= (0. 2000E-01 0 OOOOE+O0) (MHOS) 8 FR= 0 6498E+01 I------

9 FATSTO= 0.4379E+01 (dB)l 10 FASTO-" 0 5979E+01 (dB)

11 SFAMEAN- 0 1096E+04 -)12 SFASTD'- 0 2606E+04 --- I

13 LCR- 0 1004E+01 I- 114 LIR- 0 1000E+01(-

15 LNN- 0 4246E+05 (-

16 SFMEAN- 0.2782E+06 I -

17 SFSTD- 0 2606E+04 ( 119 FSTD- 0 406FeE-01 (dBll

19 FMEAN- 0 5444E+02 (Gil) 20 DFMEAN- 0 2616E+02 (dB)l

21 SoVMEAN- 0 2538E+03 -122 NMEAN - 7726E+02 (d~lm)

23 NSTD- 0 4068E-01 (dbD
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PROGRAM SONF SYSTEM OPERATING NOISE FIGURE Run 43
SCENARIO NO MATCHING NETWORK

RURAL AREA
FREOUENCY, 30MHz

10" MONOPOLE ANTENNA, 1.4 in DIA
RECEIVER fo rn=1O( OHMS
RG-58/U COAXIAL LINE,

INPUT VARIABLES, TABLE I

FREGIUFNCY
I FMHZ= 0 3000E+02 (MHZ) 2 B= 0 1700E+05 (HZ)

TEMPERATURE
3 TCz 0 28OE 03 (DEG K) 4 TM-- 0 3880E+03 (DEC K)
5 TN- 0 2880E+03 (DFG K)

AN TENNA
6 RCR= 0 1062E-02 (OHMS) 7 BAR= 0 2556E+00 (OHMS)
8 XAR= - IO00E+04 (OHMS)

MATCHING NETWORK
9 RMR- 0 OOOOE+0O (OHMS) 10 XMR- 0 O00OE+O0 (OHMS)
It A: 0 1000E+01 (-) J2 RSR- O.OOOOE+00 (OHMS)

RECEIVER NOISE
13 FO=- 0 5030E+01-.......) 14 RN= 0 1O00E+03 (OHMS)
15 GNO= 0 2000E-01 (MHOS) 16 BNO= 0 O000E+0O (MHOS)

TRANSMISSION LINE

17 REZOR= 0 5000E+02 (OHMS) 18 IMZOR= - 4713E 00 (OHMS)
19 ALPHAR= 0 9442E-02 (NEPERS/ME)ER) 20 BETAR= 0 9540E+00 (NEPERS/METER)
21 DR= 0 1000E+03 (METERS)

ENVIRONMENTAL NOISE
22 FAMEAN- 0.2628E+02 (dB) 23 DUFAT= 0 6910E+01 (dOB)
24 DLFAT= 0 4180E+01 (dB) 25 FALSTD= 0 4070E+0I (dB)

,.-." CONSTANTS, TABLE L2

I TO 0 2880E+03 (DEG K) 2 K= 0 1380E-22 (J/DEG K)

DERIVED VARIABLES, TABLE 3

I W - 1317E+03 (dBm) 2 ZOUT= (0 2567E+00 , - 1000E+04) (OHMS)

3 ZU)R= (0 500OE-
°

02 - 4713E+00) (OHMS)

4 REFLR= (0 9941E+00 - 9965E-01) .-

5 GAMMAR= (0 9442E-02 , 0 9540E+O0) (NEPERS/METER)

6 YSw (0 2441F-01 , 0 5318E-02) (MHOS)

7 YNO= (0. 20OOE-01 , 0 OOOE+OO) (MHOS) 8 FR= 0.5225E+gi ( . )

9 FATSTD 0 4379E+01 (dB) 10 FASTD- 0 5979E o1 (dB)

It SFAMEAN= O.1096E+04 ( 12 SFASTD= 0 2606E+04 (......)

t3 LCR
= 

0 1004E+01 (-) 14 LMR 0. IO00E+O .

15 LNR
= 

0 1260E+06 (-....)

16 SFMEAN- 0. 6623E+06 (-)

17 SFSTD- 0 2606E+04 (S 18 FSTOs 0. 1710E-01 (dB)

19 FMCAN, 0 5821E+02 (dB) 20 DFMEAN- 0. 3193E+02 (dB)

21 SUFMEAN- O.6041E+03 (--) 22 NMEAN= - 7349E+02 (dBm) - I,"

23 NSTD O. 1710E-g1 (dB)
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